IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 



APPLICANT(S): 
APPLICATION NO. 
FILING DATE: 
TITLE: 
EXAMINER: 
GROUP ART UNIT: 
ATTY. DKT. NO.: 



Dan Meisburger, et al. 
10/801,362 
March 15, 2004 

Inspecting Optical Masks With Electron Beam Microscopy 

Not Yet Known 

1756 

22120-08965 



CERTIFICATE OF MAILING 

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail in an 
envelope addressed to: Mail Stop Petition, Commissioner For Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the 

date shown below: 



aate snown oeiow: > a a 

Dated: Bv: C-<u4.^ /ty^ 



Laura A. Majerus. Rag. No.:33,417 




MAIL STOP PETITION 
COMMISSIONER FOR PATENTS 
P.O. BOX 1450 

ALEXANDRIA, VA 22313-1450 

PETITION UNDER MPEP S711.03fc) TO WITHDRAW HOLDING OF 
ABANDONMENT FOR RESPONSE TO NOTICE TO FILE MISSING 

PARTS NOT RECEIVED 

SIR: 

Applicants respectfully request reconsideration and withdrawal of the Notice of 
Abandonment issued on March 8, 2006, a copy of which is enclosed. Based on the facts 
presented below, Applicants submit that the holding of abandonment was improper due to timely 
response to the Notice to File Missing Parts of Reissue Application dated August 4, 2004 in 
connection with the above-referenced application. 
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STATEMENT OF FACTS 

Applicants submit as evidence of the timely submission of the Response to Notice to File 
Missing Parts: 

1) Attached as "Exhibit A" is a copy of the Notice to File Missing Parts of Reissue 
Application mailed on August 4, 2004. showing a due date of October 4, 2004. . 

2) Attached as "Exhibit B" is a copy of the following documents all of which were 
filed on September 1 7, 2004: 

a. Transmittal 

b. Fee Transmittal 

c. Request for Corrected Filing Receipt 

d. Response to Notice to File Missing Parts with a copy of the Preliminary 
Amendment, U.S. Patent No. 5,717,204 and an executed copy of the Reissue Application 
Declaration by Inventors. 

3) Attached as "Exhibit C" is a copy of the Date-Stamped Return Receipt Postcard 
showing a received date of September 20, 2004. 

COMMENTS 

As shown by the evidence, Applicants submitted the Response to Notice to File Missing 
Parts on September 1 7, 2004. 

. Applicant further submits that this Petition does not require the standard petition fee of 
$130.00 because the application is not in fact abandoned. (See MPEP §71 1.03(c)I) However, in 
the event that such fee is required under 37 CFR 1.16 - 1.21, the Commissioner is hereby 
authorized to charge such fee to our Deposit Account 19-2555. 
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In consideration of the above stated and copies enclosed hereto, it is respectfully 



requested that the holding of abandonment be withdrawn. 



Respectfully submitted, 
DAN MEISBURGER, ET AL. 



Dated: A^^C In I ^ By: . 

Laura A. Majerus, Reg. W^.: 33,41"/ 

Fenwick & West LLP 

Silicon Valley Center 

801 California Street 

Mountain View, CA 94041 

Tel.: (650)335-7152 

Fax.: (650) 938-5200 
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TRANSMITTAL FORM 

[io be used for all correspondence during pendency of 
filed appiication) 


Application Number 


in/fiOl ifi2 


Filing Date 


Marrh 1f« 
iviciruii 1 W| ^uu*v 


First Named inventor 


Dan Meifihurafir 

vail IwlVIOMUl ^wl 


Group Art Unit Number 


1756 


Examiner Name 


Not Yet Known 


Total Number of Pages in This Submission 73 


Attorney Doclcet Number 


22120-08965 



ENCLOSURES 



(check all that apply) 

I I Issue Fee Transmittal 

□ 
□ 



□ 



□ 
□ 
□ 
□ 



Fee Transmittal Form (In duplicate) 

l~l Check Enclosed 
Return Receipt Postcard 
Response to Notice to File Missing Parts 
Assignment & Recordation Cover Sheet 
Declaration 
Power of Attorney 
n Application Data Sheet 

n Information Disclosure Statement & PTO/SB/08A 

n Copies of IDS Cited References 
n Request for Corrected Filing Receipt 

l~l Request for Correction of Recorded Assignment 
n Amendment/Response: [ ] Page(s) 
O After Final 

n Status Request 

I I Revocation and Substitute Power of Attomey 



□ 

□ 

□ 
□ 

lEl 

□ 



Letter to Chief Draftsperson 
Fomial Drawing(s): 

( ] Sheet(s) of Figure(s) [ ] 
Appeal Communication to Board of Appeals and 
Interferences 

Appeal Communication to Group 
(Appeal Notice, Brief. Reply Brief) 

Certified Copy of Priority Document(s) 
After Allowance Communication to Group 

Petition Under MPEP §71 1 .03(c) to Witiidraw 
l-lolding of Abandonment for Response to Notice 
to File Missing Parts Not Received 

Copy of Notice of Abandonment 

Copy of Exhibit A - Notice to File Missing Parts 

Copy of Exhibit B - Response to Notice to File 
Missing Parts 

Copy of Exhibit C - Date-Stamped Return 
Postcard 



REMARKS: 



SIGN ATURE OF ATTORNEY OR AGENT 

M 



Signature: 



(^3,417 



Attorney/Reg. No.: 



Laura A. Majerus, Reg. N 



Dated: 



CERTIFICATE OF MAILING 



I hereby certify that this correspondence, including the enclosures identified above, is being deposited with the United States Postal Service as 
first class mail in an envelope addressed to: Commissioner for Patents. P.O. Box 1450. Alexandria, VA 22313-1450 on the date shown below. 
If the Express Mail Mailing Number is filled in below, then this con^espondence is being deposited with the United States Postal Service 
"Express Mail Post Office to Addressee" service pursuant to 37 CFR 1.10. 



Addressee service pursuant t( 



Signature: 



f''-"vt,/n 



Typed or Printed Name: 



Laura A. Majerus 



Dated: 



Express Mail IVlailing Number (optiona!): 
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APPLICATION NUMBER 



FILIWq OR 37I(Q DATB 



FIRST NAMED APFLfC ANT 



ATTY. DOCKET NO/nilE 



10/80U362 



03/15/2004 



Dan Meisburger 



22120-OS965 



00758 

FENWICK & WEST LLP 



UAH 1 3 Z006 



CONRRMATJON NO. 4849 
ABANDONMENT/TERMINATION 
LETTER 



SILICON VAUEY CENTER 
801 CALIFORNIA STREET 
MOUNTAIN VIEW. OA 94041 



-tisvivwiCK WEST LLP. 



Date Mailed: 03/08^006 



NOTICE OF ABANDONMENT UNDER 37 CFR 1.53 (f) OR (g) 



The above-identified application is abandoned for failure to timely or properly reply to the Notice to File Missing 
Parts (Notice) mailed on 08/04/2004. 

• No reply was received. 

If a complete reply to the notice was previously filed by applicant within the time period set forth in the notice, 
applicant may request for reconsideration of the holding of abandonment within 2 months from the malting of this 
notice of abandonment by fiDng a petition to withdraw the holding of abandonment under 37 CFR 1.181(a). No 
petition fee is required. The petition must be accompanied by a true copy of the originally filed reply and the item 
(s) identified in one of the following: 

1 . A properly itemized date^amped postcard receipt (see MPEP § 503); 

2. If the originally filed reply included a certificate of mailing or transmission In compliance with 37 CFR 1.8(a), a 
copy of the certificate of mailing or transnnissbn and a statement in compliance with 37 CFR 1 .8(b) (see MPEP §§ 
512); or 

3. If the reply was filed via Express Mail, a submission satisfying the requirements of 37 CFR 1.10(e) including, for 
example, a copy of the Express Mail malHng label showing the "date-in" (see MPEP § 513). 

Any petition to withdraw the holding of abandonment should be directed to 01 PE. 

if applicant did not previously file a complete reply witlunihe time period set forth in the notice, appDcant may file 
a petition to reyhre the application under 37 CFR 1 .137. 

Under 37 CFR 1 .1 37(a). a petition requesting the application be revived on the grounds of UNAVOIDABLE 
DELAY must be filed promptly after the applicant becomes aware of the abandonment and such petition must be 
accompanied by: (1) an adequate showing of the cause of unavadable delay; (2) the required reply to the above- 
Identified Notice; (3) the petition fee set forth In 37 CFR 1 .17(1); and (4) a temrunal disclaimer if required by 37 
CFR 1 .1 37(d). See MPEP § 71 1 .03(c) and Form PTO^B/61 . 

Under 37 CFR 1.137(b). a petition requesting the application be revh/ed on the grounds of UNINTENTIONAL 
DELAY must be filed promptly after applicant becomes aware of the abandonment and such petition must be 
accompanied by: (1) a statement that the entire delay, was unintentional; (2) the required reply to the above- 
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Identified Notice; (3) the petition fee set forth In 37 CFR 1 .17(m); and (4) a tenrtnal dlsclainner If required tjy 37 
CFR 1.137(d). See MPEP § 711.03(c) and Form PTO/SB/64. 

Any questions concerning petitions to revive should be directed to the "Office of Petitions* at (571) 272-3282. 



A copy of this notice MUST be returned with the reply. 



Office of Initial Patent Examination (571) 272-4000, or 1-800-PTO-9199, or 1-800-972-6382 

PART 1 - ATTORNEY/APPLICANT COPY 
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ThADEMARK OffTCR 



EXHIBIT^. 



I APPLICATION NUMBER 

10/801,362 



UNITED STATES DEPARTMENT OF COMMERCE' 
United States Patent ond Trademark Oflice 
AddiesK COMMISSIONER FOR PATENTS 
RO. Boot 1450 

AkxiiKlha.\«i8inia 32313-I4SO 

ww wr .myto .gav 



FILING OR 371 (c)DATE 



I 



FIRST NAMED APPLICANT 



ATTORNEY DOCKET NUMBER 



Laura A. Majerus. Esq. 
Finwick & West LLP 
Two Palo Alto Square 
Palo Alto, CA 94306 



03/1 5/2004 Dan Meisburger 

Fdnwick & West 

AUG 1 6 2004 



4765 



CONFIRMATION NO. 4849 
FORMALITIES LETTER 



♦OC00000001 3440775* 



Date Mailed: 08/04/2004 



NOTICE TO FILE MISSING PARTS OF REISSUE APPLICATION 

Filing Date Granted 

An application number and filing date have been accorded to this reissue application The item(s) indicated below 
r ""T^- 9'"^" "°NTHS from the date of thte nIIS w\h!n wS E ' 

SSn L ilSn f ^"^il^'.L®""'?'' *° abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1 .136(a). 

• I?oo^?^ abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1 16(e) of 
$130 for a non-small entity, must be submitted with the missing items identified in this letter 

• The reissue specification has not been provided in the form of a copy of the printed patent. Each page 
T?yS ^% T double-column fdrmat and on only one side of each sheet of paper, as is required by 37 CFR 

SUMMARY OF FEES DUE; 

Total additional fee(s) required for this application is $130 for a Large Entity 

• $130 Late oath or declaration Surcharge. 



Replies should be mailed to: 



Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 



A copy of this notice MUST be returned with the reply. 



Customer Service Center 

Initial Patent Examination Division (703) 308-1202 



BEST AVAILABIB COPY 



PART 1 - ATTORNEY/APPLICANT COPY 



EXHIBITl^ 



0001/PTO U.S. Department of Commerce 
Rev. 10/95 Patent and Trademark Office 

TRANSMITTAL FORM 

(to be used for all correspondence during pendency of 
filed application) . 


Application Number 


10/801,362 


Filing Date 


March IjS, 2004 


First Named Inventor 


Dan Meisburger 


Group Art Unit Number 


1756 


Examiner Name 


Unknown 


Total Number of Pages in This Submission 


66 


Attorney Docicet Number 


22120-08965 



ENCLOSURES 



^ Fee Transmittal Fonn (in duplicate) 

IS Checic Enclosed 
IS Return Receipt Postcard 
IS Response to Notice to File Missing Parts 
d Assignment & Recordation Cover Stieet 
^ Copy of Declaration from 09/502,534 
Q Power of Attorney 
Q Application Data Sheet 
Q Information Disclosure Statement & PTO/SB/08A 

□ Copies of IDS Cited References 
^ Request for Conrected Filing Receipt 

O Request for Conection of Recorded Assignment 

n Amendment/Response: [ ]Page(s) 

Q After Final 
O Status Request 

□ Revocation and Substitute Power of Attorney 



(check all that apply) 

C] Issue Fee Transmittal 

□ 
□ 



□ 
□ 

□ 

□ 
IE) 

lEI 
□ 



Letter to Chief Draftsperson 
Fonnal Drawing($): 

[ ]Sheet(s)ofFigure(s)[ ] 
Appeal Communication to Board of Appeals and 
Interferences 

Appeal Communication to Group 
(Appeal Notice, Brief, Reply Brief) 

Certified Copy of Priority Document(s) 
After Allowance Communication to Group 
Copy of Filing Receipt 

Copy of Notice of Filing IVlissing Parts of Reissue 
Application 



Copy of 1** page of Preliminary /Amendment 



Copy of U.S. Patent 5.717.204 issued 2-10-1998 



Copy of New Utility Application Transmittal filed 
3-15-2004 



REMARKS: 



SIG NATU! 



m 



ATTORNEY OR AGENT 



Signature: 



Attorney/Reg. No.: 



Laura A. Majerus, Reg. No. 33^17 



Dated: 



September / 2004 



CERTIFICATE OF MAILING ' 

I hereby certify that this correspondence, Including the enclosures Identified above. Is being deposited with the United States Postal Service as 
first class mail In an envelope addressed to: Mail Stop Missing Parts, Commissioner for Patents, P.O. Box 1450 Alexandria VA 22313-1450 
on the date shown below. If the Express Mail Mailing Number is filled In below, then this correspondence is being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service pursuant to 37 CFR 1.10. 

-M 



Signature: 



Typed or Printed Name: 



Laura A. Majerus 



Dated: 



September 2004 



Express Mail Mailing Number {optional): 
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EXHIBITS 



FEE TRANSMITTAL 
for FY 2004 

Patent fees are subject to annual revision. 


Complete If Known 


Application Number 


10/801.362 


Filing Date 


March i^i 9nad 


First Named Inventor 


Dan Melsburger 


Examiner Name 


Unknown 


□ Applicant claims small entity status. See 37 CFR 1.27 


Art Unit 


1756 


Total Amount Of Payment | $ 130.00 


Attorney Docket No. 


22120-08965 



METHOD OF PAYMENT (check all that apply) 



FEE CALCULATION (continued) 



13 Check □ Credit Card □ Money Order □ Other □ None 
C] Deposit Account: 
Deposit Account Number 
Deposit Account Name 



19-2555 



Fenwlck & West LLP 



The Commissioner is authorized to: (check alt that apply) 

□ Charge fee(s) Indicated below IS Credit any overpayments 
El Charge aU required fee(s) or any underpayment of fee(s) due 

under 37 CFR §1.16 or §1.17 during the pendency of this 
application 

□ Charge fee(s) Indicated below, except for the filing fee 
^theabov^identified^ti^^ 



FEE CALCULATION 



1. BASIC F11.ING FEE 
Large Entity Small Entity 



Fee Fee 



Code ($) 

1001 770 

1002 340 

1003 530 

1004 770 

1005 160 



Fee FgQ Fee Description Fee Paid 



Code ($) 

2001 385 

2002 170 

2003 265 

2004 385. 

2005 80 



Utility filing fee 
Design filing fee 
Plant filing fee 
Reissue filing fee 
Provisional filing fee 



SUBTOTAL (1) 



($) 



2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 

Pvtrrom _ _ , . 



Total Claims 

Independent 
Claims 

Multiple Dependant 



Large Entity Small Entity 



Extra Claims 
-20-. 



Fee Fe^ 



Code 
1202 



($) 
18 



1201 86 

1203 290 

1204 86 

1205 18 



Ess Ese 



Code ($) 
2202 9 



Fee Description 
Claims in excess of 20 



2201 43 Independent claims In excess of 3 



2203 145 

2204 43 

2205 9 



Multiple dependent claim, if not paid 

**Reissue independent claims over 
original patent 

**Reissue claims In excess of 20 
and over original patent 



SUBTOTAL (2) 



($) 



**or number previously paid. If greater; For Reissues, see above 



3. ADDITIONAL FEES 




Larae EntiN 


Small Entitv 


Fee Description 


Fee 


Fee 


Fee 


Fee 


Code 


($) 


Code 


<$) 




1 sJOt 




one 4 


65 


Surcharge - late filing fee or oath 


1052 


50 


2052 


25 


ouicnarge - lara provisional niing tee or cover sheet 


1053 


130 


1053 


130 


Non-English specification 


1812 


2.520 


1812 


2,520 


For filing a request for ex parte reexamination 


1804 


920* 


1804 


920* 


i>^w«9Miiy pwuiiVfauui 1 ui oir\ pnor lu examiner acuor 


1805 


1,840* 


1805 


1.840* 


Requesting publicafion of SIR afler.Examiner action 


1251 


110 


2251 


55 


Extension for reply within first month 


1252 


420 


2252 


210 


Extension for reply within second month 


1253 


950 


2253 


475 


Extension for reply within third month 


1254 


1,480 


2254 


740 


Extension for reply within fourth month 


1255 


2.010 


2255 


1.005 


Extension tor reply within fifth month 


1401 


330 


2401 


165 


Notice of Appeal 


1402 


330 


2402 


165 


Filing a brief in support of an appeal 


1403 


290 


2403 


145 


r\equcsi lor oral neanng 


1451 


1,510 


1451 


1,510 . 


r euiion 10 insuaiie a puDiic use proceeding 


1452 


110 


2452 


55 


Petition to revive • unavoidable 


1453 


1.330 


2453 


665 


Petition to revive - unintentional 


1501 


1.330 


2501 


665 


Utility Issue f^ (or reissue) 


1502 


480 


2502 


240 


Design issue fee 


1503 


640 


2503 


320 


Plant Issue fee 


1460 


130 


1460 


130 


Petitions to the Commissioner 


1807 


50 


1807. 


50 


Processing fee under.37 CFR 1.17(g) 


1806 


180 


1806 


180 


Submission of tnfbnnation Disclosure Stmt 


8021 


40 


8021 


40 


Recording each patent assignment per property 
(times number of properties) 


1809 


770 


2809 


385 


Filing a submission after final rejection 
(37 CFR 1.129(a)) 


1810 


770 


2810 


385 


For each additional invention to be examined 
(37 CFR 1.129(b)) 


1801 


770 


2801 


385 


Request for Continued Examination (RCE) 


1602 


900 


1602 


900 


Request for expedited examination of a design 
application 



Fee Paid 



Other fee (spedfy)_ 



130.00 



'Reduced by Basic Filing Fee Paid 



SUBTOTAL (3) 



$ 130.00 



SUBMITTED BY 










Complete (if applicable) 


Name (Prlnt^ype) 


Laura A. Majerus 


Registration No. 
(Attorney/Agent) 


33.417 




Telephone: (650)335-7152 


Signature 




Date 


September / ^2004 
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IN THE UNITED STATES 



EXHIBIT 



PATENT AND TRADEMARK OFFICE 



APPLICANTS: 



APPLICATION NO. 
FILING DATE: 
TITLE: 
EXAMINER: 
GROUP ART UNIT: 
ATTY. DKT. NO.: 



Dan Meisburger, Alan D. Brodie, Zhong-Wei Chen, Jack Y. Jau, 
Paul Sandland, Richard Simmons, Dave E. A. Smith, Hans Dohse, 
Dennis G. Emge, John Greene, Lee Veneklasen, Ming-Yie Ling, 
Surendra G. Lele, Kirkwood Rough 
10/801,362 

March 15, 2004 

Inspecting Optical Masks With Electron Beam Microscopy 

Unknown 

1756 

22120-08965 



CERTinCATE OF MAILING 

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail in an 
envelope addressed to: Mail Stop Missing Parts, Commissioner For Patents, P.O. Box 1 450, Alexandria, VA 223 13-14S0, on 
the date shown below: . a A 

Bv: L-OAi^^ /^ii^. 



Dated: September 2004 



Laura A. Majerus, Reg,^. 33,417 



MAIL STOP MISSING PARTS 
COMMISSIONER FOR PATENTS 
P.O. BOX 1450 

ALEXANDRL\, VA 22313-1450 



REQUEST FOR CORRECTED FILING RECEIPT 



SIR: 



Enclosed is a copy of the Official Filing Receipt. It contains the following errors: 

1. The attorney docket number is erroneously stated as 4765. The correct 
attorney docket number is 22120-08965, as evidenced by the first page of the Preliminary 
Amendment and New Utility Patent Application Transmittal, copies of which are enclosed. 



PATENT 

2. The residence of applicant Surendra Lele is erroneously stated as Cupertini. 
The correct residence of applicant Surendra Lele is Cupertino, as evidenced by page 4 of the 
Declaration of the parent application, a copy of which is attached. 

3. The above-referenced application is a continuation ofpending serial no. 
09/502,534, filed on February 10, 2000; the subject matter of the present reissue is related to co- 
ending reissue serial no. 09/502,120, filed on February 10, 2000. Serial nos; 09/502,534 and 
09/502,120 are each a reissue application for patent no. 5,717,204 issued February 10, 1998 
(application no. 08/606,854 filed February 26, 1996), which is a continuation of 08/252,763 
which is a CIP of 07/889,460, as evidenced by the third page of the Preliminary Amendment 
filed March 1 5, 2004 in this matter, a copy of which is ienclosed. This Filing Receipt should be 
corrected to indicate this missing Continiiing Data. 

Please issue a corrected Filing Receipt rectifying this error. 

Respectfully submitted, 
DAN MEISBURGER, ET AL. 

Dated: September I 2004 



By: 

Laura A. Majerus, Reg. No 
Fenwick & West LLP 
Silicon Valley Center 
801 California Street 
Mountain View, CA 94041 
Tel.: (650)335-7152 
Fax.: (65a) 938-5200 
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YS^rS.^^ Potent and Trademark Ofltoe 

^^^^oomassiONER for pateots 



1 APPL NO. 


1 FILING OR 371 
1 (c) DATE 


1 ARTUNrr 1 


FILFEEREC'D | 


ATTY.DOCKETNO 


Sif^jM.^Wi 223tM4SO 






1 DRAWINGS j TOT CLMS 


INDCLMs] 


10/801,362 


03/15/2004 


1756 


2124 


4765 


20 57 


10 



Laura A. Majerus, Esq. 
Finwick & West LLP 
Two Palo Alto Square 
Palo Alto, CA 94306 



Fenwick&West 

AUG 1 6 2004 

Received 



CONFIRnflATION NO. 4849 
FILING RECEIPT 



•OC000000013440774* 



Date Mailed: 08/04/2004 



Receipt Corrections, facsimile nuK???.?^^^^ Wease DrnvSJ^I Jf*?"* Examination's Filing 
changes noted thereon. If you received a "N^fcrto nK^^ Receipt with thl 

any corrections to this Filing Receipt with your reolv to th« Wotin «PP''caHon, please submit 

to the Notice, the USPTO will generate anoihSJ Snln • ♦ ■ "^^^0 Processes the reply 
appropriate). generate another Filing Receipt incorporating the requested corrections (If 



Applicant(s) 



Dan l\/leisburger, San Jose, OA; 
Alan D. Brodie, Palo Alto. CA; 
Zhong-Wei Chen, San Jose. CA- 
Jacl< Y. Jau, Los Altos Hills, CA; 
Paul Sandland, Residence Not Provided- 
Richard Simmons, Los Altos, CA- 
David E. A. Smith, San Mateo. CA; 
Hans Dohse, Sunnyvale, CA; 
Dennis D. Emge, Napervilie. IN; 
John Greene, Residence Not Provided- 
Lee Veneklasen. Castro Vally, CA; 
Ming-Yie Ling, Saratoga, CA; 
Surendra Leie, Cupertini, CA; ^ 
Kirkwood Rough, Residence Not Provided- 



Domestic Priority data as claimed by applicant 

This application is a REI of 08/606.854 02/26/1996 PAT 6 717 204 
which IS a CON of 08/252.763 06/02/1994 ABN ^•'1^204 
which is a CIP of 07/889.460 05/27/1992 ABN 

Foreign Applications 



Required, Foreign Filing License Granted: 08/04/2004 



Page 2 of 2 

Projected Publication Date: None, application is not eligible for pre-grant publication 
Non-Publication Request: No 

Early Publication Request: No 
Title 

Inspecting optical masks with electron beam microscopy 

Preliminary Class 
430 

LICENSE FOR FOREIGN FILING UNDER 
Title 35, United States Code, Section 184 
Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

LlcVNS^E?RA^M?Pn^^ S'^"*?K^ ""If?® ""^^'■3^ the phrase "IF REQUIRED FOREIGN FILING 

Export Administration, Department of Commerce (15 CFR A7n in %v tn^ A^^ OfRce>.of 
Department of Treasury (31^FR Parts ?rranTt£ ^ °' '^"^'^^ ""^^ Control. 

NOT GRANTED 

order under 35 U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b) 



IN THE UNITED STATES 



PATENT AND TRADEMARK OFFICE 



APPLICANTS: 



Dan Meisburger, Alan D. Brodie, Zhong-Wei Chen, Jack Y. Jau, 
Paul Sandland, Richard Simmons, Dave E; A. Smith, Hans 
Dohse, Dennis G. Emge, John Greene, Lee Veneklasen, Ming- 
Yie Ling, Surendra G. Lele, Kirkwood Rough 



SERIAL NO.: Continuation of 09/502,534 

PARENT FILING DATE: February 1 0, 2000 



TITLE: 
EXAMINER: 
GROUP ART UNIT: 



Inspecting Optical Masks With Electron Beam Microscopy 

Unknown 

Unknown 





CERTIFICATE OF MAILING 
I hereby certify that this correspondence, including the enclosures identified herein, are being deposited with the United 
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Sir: 



This application is a continuation of pending application number 09/502,534, filed on 
February 10, 2000, which was a reissue application for patent no. 5,717,204 issued February 10, 
1998, which is a continuation of 08/252,763, which is a CIP of 07/889,460, and is in response to the 
Notice of Appeal filed August 14, 2003, which established a non-statutory period for filing an 
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IN THE SPECIFICATION 



After the section titie "CROSS REFERENCE", but before the section title "FIELD OF 
THE INVENTION", please insert the following paragraph: 




entitled Inspecting Optical Masks With Electron Beam Microscopy, said application having 




j^^^fflare each a reissue of U.S. Application No. 08/606,854 filed February 26, 1996, now 
U.S. Patent No. 5,717,204, which is a continuation of 08/252,763, which is a CIP of 07/889,460. 



Please delete the paragraph at col. 1 1 , lines 1 9-37 and replace it with the following: 
-The diameter of the scanning beam 1 00 and its current are determined by several 
factors. The angular emission from the source (1 .0 [Ma]inA/steradians), and the aperture angle 
defined by final aperture 99 determine the beam current. The probe diameter is determmed by 
aberrations in both lenses, which are designed for high excitation (field width/focal length) to 
minimize both spherical and chromatic aberration. The effect of beam interactions (i.e. statistical 
blurring due to repulsion between individual beam electrons) are also important in this high 
current system, accounting for about half the probe size oil substrate 57. These effects are 
minimized by avoiding intermediate crossovers, by using a short beam path (40 cm.) and by 
using lenses with relatively large half angles at the source and substrate 57. To obtain a given 
spot size, the aperture diameter is chosen to balance all these effects while providing maximum 
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the specification of which 

n is attached hereto. 



(If applicable) 

3r'S?!!S" *^ " I"*""**" wWcl> fe nateriar lo patentabllty w denned in 

□ by reason Of a defective specification or drawing. 
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(3 by reason of other errors. 

At least one error upon which reissue is based is described as follows- 

restricted clalas by mj former attorney of record. ^^'^^ 
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or both, under 18 U.S.C. 1001. and that such willful false statements may jeopardize the validity of the 
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PATENT AND TRADEMARK OFFICE 

APPLICANTS: Dari Meisburger, Alan D, Brodie, Zhong-Wei Chen, Jack Y. Jau, Paul 

Sandland, Richard Simmons, Dave E. A. Smith, Hans Dohse, Dennis G. 
Emge, J ohn Greene, Lee Veneklasen, Ming- Yie Ling, Surendra G. Lele, 
Kirkwood Rough 

APPLICATION NO.: 10/801,362 

FEEING DATE: March 15.2004 

TITLE: Inspecting Optical Masks With Electron Beam Microscopy 

EXAMINER: Unknown 

GROUP ART UNIT: 1756 . 

ATTY. DKT. NO.: 22120-08965 



CERTIFICATE OF MAILING 

I hereby certify that this conespondence is being deposited with the United States Postal Service as first class mail in an 
envelope addressed to: Mail Stop Missing Parts, Commissioner For Patents, P.O. Box 1450, Alexandria, VA 223 13-1450, on 

the date shovm below: t a 

Dated: September //^ 2004 By: L^cUjL''^c^ 'I'^^L^^^ 

■• ■ Laura A. Maierus,Rea<No. 33.417 



MAIL STOP MISSING PARTS 
COMMISSIONER FOR PATENTS 
P.O. BOX 1450 

ALEXANDRIA, VA 22313-1450 

RESPONSE TO NOTICE TO FILE MISSING 
PARTS OF APPLICATION 

SIR: 

Responsive to the Notice to File Missing Parts dated August 4, 2004, received in the 
above-identified patent application, 
(Si Enclosed are: 

a copy of the Notice to File Missing Parts; 

□ an original, signed Declaration; 

□ an original, signed Power of Attorney; 
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PATENT 



S a copy of the Preliminary Amendment filed in this application on March 15, 
2000, together with a copy of printed U.S. Patent No. 5,717,204 (double-column 
format, one sided on each sheet of paper) which was the basis for reissue 
application 09/502,534 for which this application is a continuation; 

la payment in the amount of $ 130.00 for the 

□ application filing fee; 

□ fee for additional claims; and 
^ missing parts surcharge. 

la. Other: On the executed Reissue Application Declaration by Inventors 



("Declaration") submitted in application no. 09/502,534 (copy attached hereto) and resubmitted 
in this application, the addresses of the following 3 inventors were omitted from said executed 
Declaration, and are supplied herewith: 



Paul Sandland - 85510 McCumberRoad, Springfield, OR 97478 
John Greene - 21 1 Ocean View Avenue, Santa Cruz, CA 95062 
Kirkwood Rough - 264 South 14* Street, San Jose, CA 951 12 



□ Applicant claims small entity status under 37 C.F.R. § 1.27. 



Respectfully submitted, 
DAN MEISBURGER, ET AL. 



Dated: September / 7 . 2004 




Fenwick & West LLP 
Silicon Valley Center 
801 California Street 



Mountain View, CA 94041 



Tel.: (650)335-7152 
Fax.: (650) 938-5200 
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PATENT AND TRADEMARK OFFICE 



APPLICANTS: 



Dan MeisbuTger, Alan D. Brodie, Zhong-Wei Chen, Jack Y. Jau, 
Paul Sandland, Richard Simmons, Dave E. A. Smith, Hans 
Dohse, Dennis G. Emge, John Greene, Lee Veneklasen, Ming- 
Yie Ling, Surendra G. Lele, Kirkwood Rough 



SERL^NO. 



Continuation of 09/502,534 
PARENT FILING DATE: February 10, 2000 

TITLE: Inspecting Optical Masks With Electron Beam Microscopy 

EXAMINER: Unknown 
GROUP ART UNIT: Unknown 
ATTY. DKT. NO.: 22120-08965 



CERTIFICATE OF MAILEVG 

I hereby certify that this correspondence, including the enclosures identified herein, are being deposited with the United 
States Postal Service as Express Mail in an envelope addressed to: Mail Stop Patent Application, Commissioner For Patents, 
P. 0. Box 1450. Alexandria, VA 22313-1450, on the date shown below. This correspondence is being deposited with the 
I United States Postal Service "Express Mail Post OflBce to Addressee" service pursuant to 37 CFR 1.10: Express Mail No 
EV 442673984 US. 

Dated: March 15. 2004 By: 



Laura A. Majerus, Reg. No. 33.417 
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COMMISSIONER FOR PATENTS 
P.O. BOX 1450 

ALEXANDRIA, VA 22313-1450 



PRELIMINARY AMENDMENT 



Sir: 



This application is a continuation of pending application number 09/502,534, filed on 
February 10, 2000, which was a reissue application for patent no. 5,717,204 issued February 10, 
1 998. which is a continuation of 08/252,763, which is a CIP of 07/889,460, and is in response to the 
Notice of Appeal filed August 14, 2003, which estaWished a non-statutoiy period for filing an 
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appellate brief that expired on March 14, 2004 (a Sunday). A fee for a five-month extension of time 
is included herewith. 
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IN THE SPEGIFICA TION 



After the section title "CROSS REFERENCE", but before the section title "FIELD OF 
THE INVENTION", please insert the following paragraph: 

This application is a continuation of the U.S. Reissue Applica tion Serial No. 09/502,534, 
the subject matter of the present reissue application is related to co-pending reissue application 
entitled Inspecting Optical Masks With Electron Beam Microscopy, said application having 
Serial No. 09/502,120, which reissue application was also filed on February 10, 2000. The 
reissue application. Serial No. 09/502,534, and the co-pending reissue application, Serial No. 
09/502/120, are each a reissue of U.S. Application No. 08/606,854 filed February 26, 1996, now 
U.S. Patent No. 5,717,204, which is a continuation of 08/252,763, which is a CIP of 07/889,460. 

Please delete the paragraph at col. 1 1, lines 1 9-37 and replace it with the following: 

-The diameter of the scanning beam 100 and its current are determined by several 
factors. The angular emission from the source (1.0 [Ma]mA/steradians), and the aperture angle 
defined by final aperture 99 determine the beam current. The probe diameter is determined by 
aberrations in both lenses, which are designed for high excitation (field width/focal length) to 
minimize both spherical and chromatic aberration. The effect of beam interactions (i.e. statistical 
blurring due to repulsion between individual beam electrons) are also important in this high 
current system, accounting for about half the probe size on substrate 57. These effects are 
minimized by avoiding intermediate crossovers, by using a short beam path (40 cm.) and by 
using lenses with relatively large half angles at the source and substrate 57. To obtain a given 
spot size, the aperture diameter is chosen to balance all these effects while providing maximum 
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possible current. In this system spot size is primarily adjusted using the aperture, although it is 
possible to change lens strengths to magnify or demagnify the beam from the source.- 
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INTHECLAIMS 

Please amend the claims as follows. 

1 1 . (Unamended) A system to automatically inspect an optical mask, said system comprising: 

2 film coating system to apply a conductive coating to a top surface of said optical mask to 

3 produce a conductive optical mask; 

4 a grounding strap to connect said conductive coating of said conductive optical mask to 

5 electrical ground; 

6 a field emission electron source to provide an electron beam; . 

7 a charged particle beam colunm to deliver and scan said electron beam from said field 

8 emission electron source on a top surface of said conductive coating; 

9 a backscatter electron detector to detect backscattered electrons from said conductive 

1 0 optical mask to generate a backscatter electron waveform as said electron beam 

11 scans said conductive optical mask; 

12 a secondary electron detector to detect secondary electrons from said conductive optical 

1 3 mask to generate a secondary electron waveform as said electron beam scans said 

14 conductive coating; and 

15 a processor to examine said backscatter electron waveform and said secondary electron 

1 6 waveform to determine construction features of said conductive optical mask. 

1 2. . (Unamended) A system to automatically inspect an optical mask as in claim 1 wherein 

2 said optical mask is a phase shift mask. 
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1 3. (Unamended) A system to automatically inspect an optical mask as in claim 1 wherein 

2 said film coating system is a sputtering system. 

1 4. (Unamended) A system to automatically inspect an optical mask as in claim 1 further 

2 comprising a memory connected to each of said backscatter electron detector and said secondary 

3 electron detector to store said backscatter electron waveform and said secondary electron 

4 waveform from said conductive optical mask. 

1 5. (Unamended) A method for automatically inspecting an optical mask, said method 

2 comprising the steps of: 

3 a. applying a conductive coating to a top surface of said optical mask to produce a 

4 conductive optical mask; 

5 b. electrically grounding said conductive coating; 

6 c. scanning an electron beam on a top surface of said conductive coating of step b.; 

7 d. detecting backscattered electrons from said conductive coating of step c, to form a 

8 backscatter electron waveform; 

9 e. detecting secondary electrons fi-om said conductive coating of step c. to form a 

10 secondary electron waveform; 

11 f. examining said backscatter electron waveform and said secondaiy electron waveform 

1 2 from steps d, and e,; and 

1 ^ 8- determming construction features of said conductive optical mask in response to step f. 

1 6. (Unamended) A method for automatically inspecting an optical mask as in claim 5 

2 wherein said optical mask is a phase shift mask. 



6 



22120/04765yDOCS/1419804.1 



I * • 

1 7. (Unamended) A method for automatically inspecting an optical mask as in claim 5 

2 wherein step a further includes the step of: 

3 h. sputtering said coating onto said optical mask. 

1 8. (Unamended) A method for automatically inspecting an optical mask as in claim 5 further 

2 including the step of: 

3 . i. storing each of said backscatter electron waveform from step d. and said secondary 

4 electron waveform from step e. 

1 9. (Unamended) A method of inspecting a substrate, comprising: 

2 a) exposing said substrate to a first group of electrons, said first group of electrons 

3 causing said substrate to emit electrons; and 

4 b) exposing said substrate to a second group of electrons, wherein said second group of 

5 electrons reduces charging at a surface of said substrate, said charging resulting 

6 fi'om said emitted electrons. 

1 10. (Unamended) The method of claim 9, wherein said substrate is a semiconductor wafer. 

1 11. (Unamended) The method of claim 9, wherein said substrate includes an insulating 

2 region. 

1 1 2. (Unamended) The method of claim 9, further comprising detecting said emitted electrons. 

1 13: (Unamended) The method of claim 1 2, wherein said emitted electrons are secondary 

2 electrons. ' 
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1 14. (Unamended) The method of claim 12, wherein said emitted electrons are backscattered 

2 electrons. 

1 15. (Unamended) The method of claim 9, wherein said first group of electrons is provided in 

2 the form of a beam incident upon said substrate. 

./ • • . 

1 16. (Unamended) The method of claim 9, wherein said second group of electrons are 

2 electrons from the substrate that are caused to return to the substrate by aii electrical field applied 

3 to an electrode near the substrate. 

1 17. (Unamended) The method of claim 9, wherein said substrate is maintained at a charge 

2 equilibrium condition by the combination of said first group of electrons and said second group 

3 of electrons. 

1 18. (Unamended) The method of claim 1 7 wherein said charge equilibrixmi condition is set to 

2 obtain favorable image statistics. 

1 19. (Unamended) The method of claim 1 7 wherein said equilibrium condition is affected by 

2 localized topographical and material differences on said substrate. 

1 20 . (Unamended) The method of claim 1 7 wherein surface charging creates a potential which 

2 maintains said equilibrium condition. 

1 21 . (Unamended) The method of claim 9, wherein said charging is substantially caused by a 

2 rate of electron emission firom said surface that exceeds the rate at which said first group of 

3 electrons arrives at said surface. 
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1 22. (Unamended) The method of claim 1 2, further comprising processing signals resulting 

2 from said detected electrons. 

1 23. (Unamended) The method of claim 22 wherein said signals are processed by comparison 

2 with a reference to detect defects present on said substrate. 

1 24. (Unamended) The method of claim 23 wherein said reference is derived from a 

2 corresponding portion of said substrate. 

1 25. (Unamended) The method of claim 23, wherein said reference is derived from a database 

2 from which said substrate was designed. 

1 26. (Unamended) The method of claim 9, wherein the first group of electrons has a high 

2 landing energy. 

1 27. (Amended) The method of claim 26. wherein the second group of electrons has a low 

2 landing energv. 

1 28. (Amended) The method of claim 27. wherein the second group of electrons is in the form 

2 of a defocused beam. 

1 29. (Unamended) The method of claim 9, wherein the second group of electrons is produced 

2 by an intermediate electrode between a source of the electron beam and the substrate: 

1 30. (Amended) The method of claim 9 wherein the first group of electrons is a charged 

2 particle beam generated bv a particle beam column which includes an aperture member to control 

3 a current level and spot size of the electron beam . 
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1 31. (Canceled) 

1 32. (Canceled) 

1 33. (Amended) The system of claim 34 wherein the electron beam has a width in the ranee of 

2 50nm - 2000nm . 

1 34. (Amended) A system to automatically inspect a substrate, said system comprising: 

2 an electron source to proyide an electron beam at least 50nm wide: 

3 a charged particle beam column to deliyer and scan said electron beam: 

4 an electron detector to detect electrons from said substrate as said electron beam scans 

5 said substrate: and 

6 a processor to examine an image from said detected electrons to determine features of 

7 said substrate and wherein the processor further includes an image processor to 

8 compare images from two different locations on the substrate and determine the 

9 location of defects on the substrate when the comparison detects a difference . 

1 35. (Amended) The system of claim 34 wherein the substrate is a photomask > 

1 36. (Amended) The system of claim 34 wherein the substrate is a production wafer , 

1 37. (Amended) A system to automatically inspect a substrate, said system comprising: 

2 an electron source to proyide an electron beam from a high brilliance source with an 

3 irradiance of greater than 1 milli-amp per steridian: 

4 a charged particle beam column to deliyer and scan said electron beam: 

5 an electron detector to detect electrons from said substrate as said electron beam scans 

6 said substrate: and 

10 

22120/04765/DOCS/I419804.I 



7 a processor to examine an image from said detected electrons to determine features of 

^ said substr ate and wherein the processor further includes an image processor to 

9 compare im ages from two different locations on the substrate and determine the 

location of defects on the substrate when the comparison detects a difference . 

1 38. (Unamended) The system of claim 37, wherein the beam produces an inspection spot on 

2 the substrate which is at least 50nm in width. 

1 39. (Unamended) The system of claim 38, wherein the electron source provides an electron 

2 beam in the range of 50nm - 2000nm in width. 

1 40. (Amended) A system to automatically inspect a substrate^ said system comprising: 

2 an electron source to provide an electron beam at least 50nm wide; 

3 a charged particle beam column to deliver and scan said electron beam; 

4 an electron detector to detect electrons from said substrate as said electron beam scans 

5 said substrate, which is affixed to a stage: 

6 a processo r to examine an image from said detected electrons to determine features of 

7 said substr ate and wherein the processor further includes an image processor to 

8 compare images from two different locations on the substrate and determine the 

9 location of defects on the substrate when the comparison detects a difference: and 
a subsystem to receive feedback about the position of the stage and to correct the position 

of the electron beam with respect to the stage . 

1 . 41 . (Unamended) The system of claim 40, further comprising.an interferometer used to track 

. ^ 2 the position of the stage. 
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1 42. (Amended) A system to automatically inspect a substrate, said system comprising: 

2 an electron source to provide an electron beam: 

3 a charged particle beam column to deliver and scan said electron beam: 

4 an electron detector to detect non-reflected electrons from said substrate as said electron 

5 beam scans said substrate: and 

6 a processor to examine an image from said detected electrons to determine features of 

7 said substrate and to compare the image to information from a database, 

8 disagreement between the image and the information from the database indicating 

9 a defect in the substrate . 

1 43. (Unamended) The system of claim 42, wherein the beam produces ari inspection spot on 

2 the substrate which is at least 50nm in width. 

1 44. (Unamended) The system of claim 43 wherein the mspection spot is in the range of 50nm 

2 to 200nm. 

1 45. (Unamended) The system of claim 42, wherein the database is a CAD database that 

2 contains layout information for the pattern of the substrate under test. 

1 46. (Unamended) The system of claim 42 wherein the substrate is a photomask. 

1 47. (Unamended) The system of claim 42 wherein the substrate is a production wafer. 

1 48. (Unamended) The system of claim 42, where the processor includes an alignment 



2 processor to measure differences in alignment between a digitized version of the image and the 

3 information from the database and then to use the alignment measurement to align the image and 

4 the information from the database. 
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49. (Unamended) A method of automatically inspecting insulated surfaces of a substrate by 
controlling the build up of surface charge on the substrate, comprising: 

a) performing an electron beam inspection of the substrate in multiple swaths, an electron 

beam dose per swath being selected to control the charge density; 

b) performing repeated swaths for a pattem feature of the substrate so as that the resulting 

multiple feature images are exactly aligned and can be overlaid precisely; and 

c) averaging the multiple image features to maximize signal contrast m the image of the 

pattem feature, 

50. (Unamended) The method of claim 49, wherein the performing step includes performing 
an electron beam inspection of the substrate in multiple swaths, an electron beam dose per swath 
being selected to minimize the charge density. 

51. (Unamended) The method of claim 49, \yherein an image of a pattem feature is produced 
by averaging between 2 to 256 inclusive repeated frames. 

52. (Unamended) The method of claun 5 1 , wherein a fi^e size varies in the range of 5 1 2 to 
4096 pixels tall by 4 to 4096 pixels wide. 

53. (Unamended) The method of claim 49 wherein the substrate is a photomask. 

54. (Unamended) The method of claim 49 wherein th6 substrate is a production wafer. 

55. (Amended) A system for automatically classifying defects in a substrate, said system 
comprising: 

a subsystem to provide a hig h energy electron beam and a low energy electron beam from 
an electron source: 
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6 a charged particle beam column to deliver and scan said high energy and said low energy 

6 electron beams: 

7 an electron detector to detect non-reflected electrons from said substrate as one of said 

8 high energy and said low energy electron beams scans said substrate: and 

9 a processor to examine an image from said detected electrons to determine features of 
10 said substrate . 

1 56. (Canceled) 

1 57. (Canceled) 

1 58. (Canceled) 

1 59. (Unamended) A method for inspecting insulating and thermally sensitive surfaces of a 

2 substrate, comprising: 

3 a) performing an electron beam inspection of the substrate in multiple swaths, an electron 

4 beam dose per swath being selected to control thermal losad per swath; 

5 b) performing repeated swaths for a pattern region of the substrate so as that the resulting 

6 multiple region images are exactly aligned and can be overlaid precisely; and 

7 c) averaging the multiple region images to maximize signal contrast in the image of the 

8 substrate. 

1 60. (Unamended) The method of claun 59 wherein the substrate is a photomask. 

1 61 . (Unamended) The method of claim 59 wherein the substrate is a production wafer. 

1 62. (New) The system of claim 55 wherein the subsystem provides the high energy electron 

2 beam and the low energy electron beam non-simultaneouslv . 
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REMARKS 



Applicants respectfully submit that claims 1-62, as presented herein, are patentably 
distinguishable over the cited reference (including references cited, but not applied). 

Therefore, Applicants request reconsideration and allowance of these claims. 
In addition, Applicants respectfully invite the Examiner to contact Applicants' representative at 
the number provided below if the Examiner believes it will help expedite fiirtherance of this 
application. 

Respectfiilly submitted, 



Date: March 15, 2004 By: . 

Laura A. Majerus, Reg. No. 33,417 
Fenwick & West LLP 
Silicon Valley Center 
801 California Street 
Mountain View, CA 94041 
Phone: (650)335-7152 
Fax: (650) 938-5200 
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APF 'ATION FOR. REISSUE FILED FEBRUA^ 10, 2000 
BEING SERIAL NO. 09/502,53^ 
(PATENT US 5,717,204) 



1 

INSPECTING OPnCAL MASKS WITH 
ELECTRON BEAM MICROSCOFY 

CROSS REFERENCE 

This appiicadon is a contimiation application of an appli- 
cation that is assigned to the same assignee that is entitled 
•INSPECTING OPTICAL MASKS WITH ELECTRON 
BEAM MICROSCOPY^ having Ser. No. 08/252.763 filed 
on Juo. 2, 1994, now abandoned, which is a continuation- 
in-pait ^plication of an application entitled ^'EI^CTRON 
BEAM INSFECnON SYSTEM AND METHOIT having 
Ser. No. 07/889,460 filed May 27, 1992, now abandoned. 

This qjplicatioD is further related to another a^lication 
that is assigned to the same aissigaec entitled *^l£CrRON 
BEAM INSFECnON SYSTEM AND METHOir havhig 
Ser. No. 08/214377 filed on Mar. 17, 1994, U.S. Pat Na 
5,502306, which is continnation of a now abandoned q)pli- 
cation having Ser. No. 07/710351 filed on May 30, 1991. 

FIELD OF THE INVENTION 

This invention relates to the automatic inspection of 
substrates of various descriptions used in the making of 
micro-circuits and particularly the inspection with an elec- 
tron beam of phase shift Tngi^Vja, 

BACKGROUND OF THE mVENnON 

A preroquisite of micio-drcuit production with a reason- 
able yield is defect fiee masks and wafers to be used in die 
production process. Over the past 12 years a nnmber <f 
optical systems have been dsvtlapcd, and patented for the 
automatic inspection of optical masks and wafers. (See U.S. 
Pit Nos. 4,247^03, 4,805,123. 4,618,938 and 4,845,558). 
These systems optically pedomi a compadson between.two 
adjacent dice ooi a photomask, reticle or wafec Similarly, 
technology has evdved to inspect a die against a CAD 
database (See U.S. Fat No. 4,^487). These optical sys- 
tems are, however, Vbadted to q>tical masks because defects 
on X-Ray masks may not be apparent in the visible or 
ultraviolet spectranl Fuithennore, optical inspection is limr 
ited in its resolution capability by tiie fundamental di£&ao- 
tion limit that of course also limits optical lithography. Even 
with i^iase shift mask techniques it is expected that line 
widths below 035 miaons cannot be achieved with optical 
Hthc^phy techniques and that X-Ray lithography will 
dominate for line widths smalls than that 

Advances in optical lithognphy for the manufocturer of 
microdrcuits have permitted increasing^ly smaller and 
smaller line widths. As an exaic^le, f cv a 256 megabyte 
DRAM, the line width on the wafer, is between 025 and 
0.35 mkrometers. For Hne widths of this size, phase shift 
masks are used in the mannfartnre of the scmioondnctiQr 
device. Hiese masks typically have a quartz base, a pat- 
terned dnomium layer on the smface dicreof , and phase 
shift wells selectively etched into the substrate. A^iase shift 
may also be produced by patterned, optically transparent, 
material placed on the quartz substrate or the chrominm 
layer of the phase shift mask. 

The inspection of masks that are used to produce very fine 
line widths on the semiconductor to be produced, sudi as the 
type of masks referred to above, requires the detection of 
defects in the patterned du:<xmum layer, as wdl as the 
measurement of the depth of trendies or wdls, both wanted 
and unwanted, in the quartz. Additionally, it is necessary to 
be able to detect the presence ot absence of defects in the 
quartz which is also referred to in the art as the phase shift 
materiaL 
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lypicaDy, phase shift masks, because they are optically 
transmissive and designed for use optically, are inspected 
using optical techniques. Those q>ttcal inspection tech- 
niques have proven to be frequently inadequate for the 
s masks that can produce newer fine-line patterns because of 
the limitations in resolution of the prior art optical inspection 
methods. 

The co-pending application from which tlus application is 
a continuation-in*part application, as identified above, 

10 describes an electron microscope inspection system and the 
use of that system to inspect primarily x^ray masks and 
wafers. One shortcoming of electron scanning in those 
systems in the past is that they did not measure the optical 
phase shift rdated to the dq)tfa of a weU or trendi in a known 

1^ material of the mask or wafec . 

SUMMARY OF THE INVENTION 

Li accordance with the preferred embodiments of the 
present invention, there is disdosed a method and apparatus 
for a chaiged particle scanning system and an autoipatic 
inspection system to inspect optical phase shift masks using 
an electron beam delivered in a charged beam column. In 
one embodiment there is an automatic system and method 
for the auttnnatic inspection of an optical phase shift mask 
by delivoing and scanning a charged partide beam on the 
surface of the mask, detecting backscattered and secondary 
electrons emanating from the top surfaces of the mask, and 
processing those waveforms to determine the features the 
mask and to xhake a detennination as to the presence 
absence of defects by comparison to an odier similar pattern 
on a mask or a data base for production of the mask under 
inflection. 

In the present Invention, a mediod and q>paraeus is 
3^ disclosed to measure the depth of wdls in phase shift masks 
used to produce the desired phase shift, and thereby detect 
any eorar hi phase shift that would be produced if that mask 
were used. 

The present invention also allows for the detection of 
40 either the presence or the absence of the phase shift material, 
and can determine the thickness of that material in a phase 
shiftmaslL 

BRIEF DESCRIPnON OF THE DRAWINGS 

45 FIO. 1 is an over^ block diagtam of the system of the 
present invendon. 

FIG. 2 is a grsgihical representation of fbt scan pattern 
used by the present invention for die-to-database inspection. 

FIG. 3a is a graphical representation of the scan pattern 
^ used by the present invention for die-to-die nispection. 

FIO. 3& is a gr^hical representation of the multiple frame 
scan integration technique of the present invention used to 
acquits images tiiat are averaged over several scan fidds. 

FIO. 3c is a giaphical zepiesentation of die nominal 
X-deflection vahie for the beam as a fhnctton of thne during 
fhe scan dqiided in HO. 36. 

FIG. 3(f Is a graphical representation of die X-coordinate 
of tiiebeamon the substrate as a fhnctioo of time during the 
^ scan ducted hi FK}. 3fr. 

FIG. 4 is a sdicmatic rqiresentatioQ tiiat shows die 
functional dnnents of die dectron optical cohunn and 
collection system. 

VIQ. 5 is a sin^lified schematic rqiresentation of die 
65 paths of the primary, secondary, back-scatter and transmitted * 
electFQns tfarougji the electron optical column and collection 
^stcm diown in HG. 4. 
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FIG. 6 is a sixDplified schematic itpresentatioii of a There are two basic modes of operation, depending iqx>n 

multi-head electron gun and vacuum configuration. wheto die substrate is insulating ca: conducting. A "Mg^ 

HQ. 7 is a block diagram of the positioning control voltage mode** is primarily intended for tfic inspection of 

subsystem of the present invention. conducting or conductively coated X^y masks, E-beam 

nasisaschematicreprcscntationofthcvacmmisystcm ' proxhnity stendl ma^ 

of the present invention. ^^^^ scannmg beam can be used because the surface 

«^ t.. . J. * J « ^. ^ cannot charge, A 'low voltage mode" is primarily intended 

HG. 9 is a block diagnan of die analog deflection system ^ ^^^^^ ^^^^ ^^^^ ^ 

of the present mventton. non-conducting materials and of optical masks. In fliis 

HG. 10 is a block diagram of the memory of the present lo mode, the use of a lower voltage scanning beam minimizes 

Invention as shown in FIG. 1. both charging and damage effects. Except for these 

FIG. 11 is a block diagram of the aoquisidon pre- difiertnces, both modes use similar high speed strategies for 

processor <tf the present invention. finding and classifying defects. 

FIG. 12 is a modified schemadc representation of the The requirement of economic viability exchides present 

optical column of FIG. 4 to illustrate the dtectdcal compo- scanning electron miaoscopes because these devices have 

nents of' the plasma oxidizer subsystem of the present scaiming q;>6eds that are too slow and also require operator 

invendon. skills diat exceed the skills of mudi of die available' Work 

HG. 13 is a cross-section view of a phase shift mask force, 

having a patterned chromium layer on a quartz substrate A novel feature of the present invention is its ability to not 

with phase shift producing weU etdied into the quartz ^ only detect various types of defects but to differentiate 

substrate. between theuL By virtue cf the present invention being able 

FIG. 14 is a aoss-scction view of a phase shift mask to simultaneously detect and differentiate between 

having a patterned duomium layer on a quartz substrate backscattered, transmitted and secondary electrons in 'liigh 

being bombarded at two locations by an electron t)eam with ^ vdtage mode**, defects can be classified readily. As an 

tear drop patterns supecm^osed tiicreon to illustrate die cxan^le, a defect detected by only die transmission detector 

extent of penetration of the electron beam into quartz and on ^ X^ay mask is probably a void in the absorptive 

chromium. material. A defect detected by the secondary electron detec- 

HG. 15 is a coiuposite drawhig of die cross-sectioned J? ^ ^ ^T^f ^ffl" 1^!^ 'ifT 

maskofnG.13tog^crwididiel«x)ndaryandbackscatt^ 30 ^ Z"^^ d^ detected by die 

dcctrbn wavefom^ aligned widi die phydcal structure of bad^sc^^^ 

die mask to fllustratewhidi portions of eadi wiiveform ^ ^P^"" ^^P"^ ^ 

results ftom die ooirespondhig physical feature of die mask ^ '^TTTJ''' ^7 "^^^ ^ 

^ ^ , ^ . , ^ ^ ^ wafer, the ability to differentiate between various types of 

FIG. 16 is a shupbfi^ objective portion of die ^ ^ significant advantage of the present invention. 

dectronbeamoduimiofnG.4toinus^^ 35 jhe present hivention dicrefore permits not only die dctco 

of an annular badcscattcr detector widun die cdumn to tion of defects but die aWUttr to classify diem, 

^^e bad^ttcr electrons of interest ftom a phase tt^, system atoen^di^s a number of tedmiques to make 

it suitable to semiconductor manu£Bcturing operations. To 

HO. 17 is a composite drawmg of a cross-sectioned mask ^^^^ contaminants being stirred up, die pump down and 

having a patterned chromium l^crdiat partially overhangs ^ rcprcssurization speeds are limited and die gas flow is kept 

a well in die substrate tQgedier widi die secondary and laminar. In order to save time, diese opaalions are done 

badcscatter electron wavcfcmis aligned widi die friiysical concurrendy widi the scanning of anodicrsanq)le.'Ibfurtiier 

structure <rf die mask to iUustrate whidi portions off each reduce uiqaoductive time» six fidd emission sources are 

wavefoimresults&omdieooEre^ndhigidiysicdfeatnieof mounted on a tmretRnally, all die major adjustments of die 

die mask. electron beam, usually handled by an qperator, are done by 

FIG. 18is aconiposite drawingof a cros&-sectionedmask a computer, therd)y permitting the use of die system by 

having apattemed quartz layer on a quartz substrate togedier someone of relatively low skill leveL 

widi die secondary and backscattcr dectron waveforms In FIG. 1 tiierc is an overall blodk diagram of an inspec- 

aligned widi die physical structure of die mask to ilhistrate ^ jj^j, ^y^^ ^ present invention. In system 10 an 

which portions of eadi waveform results from the crare- n^ttn^fjc inspection apparatus of X-ray masks, wafas, and 

spondhigiAiysical feature of the mask odicr substrates, is shown whidi uses a scanning electron 

DESCRIPnON OF THE PREFERRED '^'T^^'^. ^ ^ 

EMBODIMENT The inq)ection system has two modes of operation: die- 

ss to-die and die-to-database. In both modes, defects are 

SYSTEM OVERVIEW detected by conqaring an dectron beam fmage derived from 

The present invention provides an economically viable, scanning the substrate against a standard. In die-to-die 

automatic charged particle beam inspection system and inspection, signals from two dice of the same substrate are 

mediod for the inspection of wafers, X^ray masks and compared with eadi odier, while in die-to-database inspeo- 

similar substrates in a production environment While it is ^ tion the signal from one die derived from the electron 

expected that the predominant use of the present invention microscope is con^ared with a signal that is derived from 

win be for the Inspection of wafers, optical masks. X-ray the database vMch typically is the one that was used to make 

masks, electron-beamrproximiQr masks and stendl masks, die die. 

die techniques disdosed here are applicable to die ^gh Substrate 57 to be inspected is hdd in a holder which is 

speed dectron beam imaging of any marcrial, and further- 65 automatically placed beneath dectron beam column 20 on 

more are useful for dectron beam writing to eq>ose photo- x-y stage 24 tiy substcate handler 34: This is acconaplished 

resist material in die manufacture of masks or wafers. by oommandhig substrate handler 34 by system coiiqniter 36 
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to remove tlie substrate 57 of interest fimrn a cassette with illustrated by pattern 62 being a swath that sligbily overU^s 

the flat 59 or notch (see FIGS. 2 and 3a) on substrate 57 the adjacent swath with the swalh having a width of that of 

being detected automaticaQy to properly oiient the substrate iUustrative swath 60. 

57 in handle 341116 substrate is then loaded under cotomn In the die-to-datd»se mode the signal ccncsponding to 

20. Next, the operator visually observes the mask through 5 j^^^ ^ ammarcd with the simulated signal doived 

optical a^nt system ^ to locate the aKgnmeDl pdnts ^ ^ ^ oonesponding swalh of a 

onthesubsti^e(thesemaybeanyoperatorsdecte^ perfect die. This procedure is repeated fae^ 

on the substrate) to ensure that the x-directional motion <rf jT^-^l «la « mTZ 

the stage is substantiaUyparaUel to the X-axis of the care f ^ ^ ^ 
areaof the substrate pattems»Le., the area of interest for the 

inspection- That con^letes the coarse alignment FIG- illustrates the scan pattern for die-to-die 

Kne alignment is subsequently achieved by the operator inspection, and for purposes of illustration, substrate 57 is 

scanning the substrate with the electron beam and observing shown with dies 68, 70 and 66, in that order from left to 

the image on image display 46. All aligoment data is then ngHt In this inspection mode, similar to diat shown in FIG. 

5taredinaligninentoompntar21 which wodcsin cooperation 2, a bade and forth scan pattern 63 is used. However since 

witti system oomputer 36 for .calculation cf the actual the inspection mode here is die-to^lie, stage 24 is not 

combined x and y motions necessary to scan the die along advanced in the y direction until all three of the dice (as per 

its X and y aices so that no ftirther operator alignment action this illustraiion) are traversed in the x direction along each 

is required for inspections of the same type of substrates. of the swaths. 

Once the substrate is propaly aligned, the inspection pro- in this mode of comparison, the data of the first pass of die 

cess is initiated. ^ 68 is stored in meinQry block 52 for comparison with the 

Column 20 and its. optical alignment system 22, analog data from the first pass of die 70 as it is made. At the same 

deflection circuit 30 and detectors 32 (as described more time that the con^>arison between dice 68 and 70 is being 

completely below) then direct an electron beam at substrate made, the data from die 70 is stored in memory block 52 for 

surface 57 and detect the secondary electrons, the back- con9)aiison with the data from the first pass of die 66. Then 

scattered electrons and those which pass through substrate ^ on the second, return, pass the order is reversed with the 

57. That operation and the data collection from that exposure data from the second pass of die 66 being stored for 

is peifonned by column control cpix^uter 42, video frame . comparison with the data from die 70, which is then stored 

buffer 44, acquisition pre-processor 48, deflection controller for comparison with die second pass of die 68^ Ibis pattern 

50, memcxy block 52. VME bus, VMEl, 29, serves as the of inspection and comparison is dienrq)ealcd as many times 

communicatk>n link between the subsystems. as necessary to inq>ect all of the care areas of substrate 57. 

The position and movement of stage 24 during the inspeo- Sometimes it is necessary to obtain images using a 

tion of substrate 57 is contr<^d by stage servo 26 and multiple scan integration technique, where each pixel is 

intederometers 2S under the control of deflection controller exposed for a longer time interval. Dmventional scanning 

50 and alignment compnter 2L ^ microscopes usually use slow scan, tedmiques that . extend 

When the comparison mode is die-to-database, database the dwell time before the beam moves to an adjacent pixeL 

adaptor 54 in communication' wi0t memcxy block 52 is used In this ^stem, substrate heating and charging considerations 

as a source of the signalthat is equivalent to the expected die make it undesirable to reduce the rate at p^iich pixels are 

format reoorded. 

The actual defect processing is perfcsmed on the data in ^ Sometimes it is necessary to integrate mnltiide scans to 

mi^ory block 52 by defect processor 56 in conjunction with obtain images with sufBdent contrast or to isiproye the 

post processor 58, widi the communication between these image signal-to-noise ratio. The signal-to-noise rado is 

blocks being via bus VME2, 31. improved by averaging, for eadi pixd, tht signal values 

The overall operation of die system is performed by from a number of scans of the same position on die substrate, 

system con^mto' 36, user keyboard 40 and computer display 45 The image contrast in *low v oltage mode,** wfaidi will be 

38 in communication widi the odier blocks via a data bus 23 described in detail in the ELECTRON OFTICS secdon of 

which may be similar to an Ethernet bus. (Ediemet is a this system overview, can also be improved by scanning the 

trademark of Xerox Coip.) substrate nearby between die times that die electron beam 

Next, FIG. 2 illustrates the scan pattern of fee present revisits the site of a particular pixel on the substrate. The 

invention for die inspection in die die-to-database mode. 50 contrast hi^vement in low voltage inspection of noncon- 

Hcre a shi^ die 64 is shown on substrate 57. Widdn die 64 ductive substrates, as shall be explained in die ELECTRON 

dierels acarearea6S,cr areaof signiflcance,'tfaatistDbe OFITCS section, is accomplished by peanitdng secondaty 

in^iected^Thisattaisdieareawhatthecridcalinfoimation electtons, generated ^en neaiby regions are scanned, to 

isr600Brdedonsiib8trate57.Duiingdicinspecdonof die64 replace dectrons at fee particular pixel site between tunes 

fee effective scanning motion in the XHlhecdon is provided 55 the beam revisits. In addition, for some temperature- 

by moving stage 24 > and fee effective motion in the sensitive substrate materials, it is desirable to have a time 

y-dixection is provided by defleotion of die electron beam intaval between beam scans of apixd aite.in order topennit 

wittiin eadi swafe wUch is as wide as theiDustrative swafe fee heat dqN>sited by the beam to diss^iate. 

60. When fee inspection swafe reaches the lifilit side <tf die FK3L Sfris a graphical representation <^ an example of fee 
64, stage 24 is moved in they direction less dian a fun swafe 60 scanning metiiod employed by die present inv^on. The 

width. Since the x-y ooocdinatB system of substrate 57 may figure shows bow a region is scanned four times for signal 

not be aligned exactly wife fee x-y cocndinates of stage 24 averaging by deflection of fee beam to cover a series of 

and colmnn 20, fee actual movement of stage 24 and die 512-by-m pixel rectangles. The center of each successive 

deflection of fee beam of column 20 will eadi have an x and rectangle is shifted by m/2 pixels along fee direction of stage 
y component during fee scanning of a die 64. 65 motion. 

To fully inspect fee care area 65, fee inspection is per- FIO. db shows an exanqde of fee oved^^iping frame scan 

f(nmedinabackandfQxfepattem62wifeeadiofdiepasses tedinique employed in fee present invention for signal 
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avemgiiig, contrast is^vcment, and heat dissipation, in 
the exanqde shown, each pixel is scanned four times. Each 
scan line is 512 pixels long in the Y-diiection. For overlap- 
ping frame scans, a series dr m side-by-side lines, numbered 
1 to m is scanned on the substrate. The X-diiectlon spacing 5 
between lines is set equal to die pixel size and die lines have 
successively larger X coordinates. 

FIG. 3c is a graphical representation of the nominal 
X--deflection value for the beam as a function of time during 
(he scan dq)icted in FIG. db. The horizontal direction is the 
time axis, the vertical direction is the X position. 

HG. 3c shows die staircase-like oolput of the X deflection 
system used to deflect the beam. After m lines have been 
scanned, the scan is retraced in the X direction, as shown in 
HG. 3c. The X vdodty of the stage canying die substrate 15 
under die deflection system is adjusted so diat when die 
beam retraces in the X direction, die position of next scan 
line coincides widi line number (m/4+1) of die first m Hues. 
In the example of four rescans for this description, the stage 
moves the substrate in the X-direction a distance of m pixed ^ 
widdis in die same time that the beam scans four sucG^sive 
5 12-by-m rectangles. 

FIG. 3J is a graphical representation of the X-cooidinate 
of die beam on die substrate as a function of time during the 
scan dq>icted in FIG. 3fr. The horizontal direction is the time 25 
axis, the votical direction is the X position of die beam. . 

HG. ^ shows the X-coordinate of each successive scan 
line on the substrate as a function of time. What is shown is 
dial the combination of the stage moving the substrate under 
the deflection system and the deflection system moving the 30 
scan lines in back and forth in die X direction in die 
deflection field results in die beam scanning die position of 
each line on die substrate four times. By recording image 
data in mapxay Ucdc 52 and averaging from appropriate . 
memoiy addresses, average data can be presented to die as 
defect processor 56 and to alignment computer 21. Aldiough 
we hsvo used four as an example oif the number of averages 
hi diis descd^on, the number of scans combined in practice 
and the number of lines-per-frame m are chosen to produce 
the best combination of noise reduction, contrast 40 
enhancement, and inspection throughput 

The y direction scan (perpendicular to stage motion) is die 
same as that used' for single pass imaging. Here the scan 
advances one pixel D per exposure interval t For single pass 
imaging, using a 512 pixel wide swath, the stage velocity 45 
D/512t is chosen so diat the stage also advances one pixd 
during each scan. During multipass imaging, the scanning 
beam as seen from the substrate must also advance at diis 
rate of Dy512t microns/sec in order to record square pixels. 
To record images widi n pixel eocposures per pass, die stage so 
advances more slowly at a rate of less dian D/512nt, and a 
stq>wise scan in the direction of stage motion is applied, so 
as to advance the beam an additional (1-1/n) D microns 
during scan thne 512t Afrer a variable number m stq3s, die 
X scan is retraced. Thus die scan trajectory is a 5 12x( l-l/n)m ss 
rectangular frame. When viewed from the substrate surface, 
one sees the ovedq>ping frame pattern shown in FIG. 3fr. 
ihe time interval between multiple eacposures of each image 
pixel is 512mt So long as m is chosen greater dian n, one 
can independently vary bodi the number and iqietition rate 60 

pixel rescans. By xeconfing image data in memoiy Uock 
52, and averaging data from appropriate addresses, the 
avenged data can be presented to die defect processor 56 as 
though it had been recorded in a single, slower pass. The 
advantage of diis technique is die parameters can be adjusted 6s 
so diat the substrate has an optimum time to reach equiUb- 
rium between pixd eaqxisures. 
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In more detail then, refening again to FIG. 3o, using die 
die-to-die mode for illustration, as die electron beam scans 
a swath of dice 68 and 70, signab 33 from the three types 
of detectors are transmitted to acqnisidon pre-ptocessor 48 
where diey are converted to digial signals fix storage in 
memory block 52. Data from dice 68 and.70 are siimilta- 
neously transmitted to defect processor 56 where any sig- 
nificant disaepancy between die two data streams is then 
designated as a deficct The accmnulation of die defect data 
from the defect processor 56 is then transferred and con- 
solidated in post-processor 58. It is the post-processor that 
determines the size and various characteristics of the defects 
and makes that inf cnnation availahle to systeni computer 36 
via bus 23. 

In the die-to-database inspection mode, system 10 oper- 
ates similarly except that memory block 52 receives data 
from only one die and die refmnce data for comparison in 
defect processor 56 is provided by database adaptor 54. 

After die entire substrate has been inspected, a list of 
defects, together with their locations. Is displayed on com- 
puter display 38, and the operator can dien initiate a defect 
review via keyboard 40. In response to this command, 
systan. 10 locates and scans the ndghbodiood of each defect 
and displays the image to die operator on image display 46. 
SCANNING OFHCS 

The much greater, by a factor of almost 100 higher, 
imaging ^)eed is achieved tfarou^ the combination of some 
key dements and die special design of cdumn 2Q..The first 
and fOEremost prerequisite in achieviJig a hi^ier imaging 
speed is a mndi higher beam cunent, since signal to noise 
considerations are one of die fundamental limitattODS in the 
speed of scanning. In die present invention, a high faaght> 
ness dunnal field emission source is used to produce a very 
hig^ angular beam intensity and a very high resultant beam 
current However, a high dectron denid^ results in mutual 
coulomb rqnilsion. To ccmibat diis, a high electric field is 
introduced in the vicinity of die cadiode, and die beam 
diameter is also quickly enlarged. In the cohimn there axe 
also no dectron aoss-overs whidi would increase the 
charge density in that area and a large numerical aperture is 
employed, to again Tninfmi?^ coulomb r^Milsion problems. 

A requirement for scanning the mask at a high rate such 
as 100 Megapixels per second, is for the detector to be able 
to tenqxirally sq>arate die secondary (return) dectrons origi- 
nating from two successively scanned pixels. This iiiq>lies 
the need for a very short spread in arrival time in comparison 
with the dwdl time on eachpixeL To minimize the time of 
arrival spread from eadi pixel, the electrons are accelerated 
soon after leaving the target The resultant arrival time 
spread at die detector is consequently hdd to about 1 
nanosecond. To further minimize die arrival time spread, 
reverse biased high frequency Shotticy barrier ddectors, one 
for each ^pe of electron to be detected, are enipioyed 
(Shottky detectors are Included here for illustrative 
purposes, however, diere are odier ^pes of semiconductor 
detectors diat could also be used). 
ELECTRON OFOCS 

The dectron optical subsystem is functionally shnilar to 
a scanning dectron ndcRiscGpe. B provides die scanned 
electron beam probe and secondary, transmission and badc- 
scattered electron detection demenfe necessary to form 
images of die substrate surfiioe. During inspection, die 
electron beam is scanned in one direction while the stage is 
moved in the perpendicular direction. Either low voltage 
secondary dectrons, or high energy transmitted dectrons a 
back-scaUered electrons are used to form a video signal that 
is digitized and stored in die from cf long, narrow swath 
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Images. As well as being unique in its application for acquisition pro-processor 48 (see FIG. 1) and associated 
autonuted defect detection at hig^ resolution^ the novelty of electronics via a high voltage insulating fiber optic link 126. 
this optics system lies in the oomMnation of new and prior lliis signal constitutes the secondary electron concqponent of 
art technology used to obtain hi^ speed, low noise images signal 33 in FIG. L 

at the rcsdution necessary for inspection, 5 To aUow inspection of partially transparent substrates, a 

The beam is typically scanned over a field of 512 pixels transmission elec^on detectiar 129 is located below stage 24. 
(18-l(X)miaomcterwidth)usingavcryfa5t5miaoseconds TVansmittwl electrons pass through substrate 57 at high 
pedod sawtooth scan. The deflection is largely free of ^^"^^ ^ """^r "^"^ '^^l^^ation. The trm^ion 
d^cction and is substantially penxmdicular to the surface, electrostatic lens consisting of i^a dement 123, middle 
I«*ka7A^1«««^^^^^ ir. clement 124 and lower element 127) is used to s^ffcad the 

^ti^thcmiagmgdiaractcristo lo transmitted electron beam to a diamctcx suitable for dete<> 

^. . ui * * tion by soUd State detector 129. Electrode 123 is held at the 

Detection is highly effident so tha ncady aU of the same potential as stage 24, while electrode 124 is held at 0 
secondary electrons generated by each electron m the probe ^3 j^y ^uppjy jjjg transmitted 

are used to form ttie image. The bandwidth of the detection electron dciector 129 is amplified by amplifier 133 and 
systemisconq>arabletofiiepixelrate,duetothcshoittransit 15 transmitted by fiber optic link 135 whidi is tibie transmitted 
time effects. Extraction of secondary electrons is coaxial so electron con^wnent of 33 in FIG. 1. 
that edge features are imaged identically regardless of their The q>tical system is also designed to allow the collection 
odentation upon die substrate. of back-scattered electrons which leave die substrate surface 

FIG. 4 shows the elements of the optical subsystem and at nearly the same energy levd as pdmary electrons. Back- 
some of the associated power supplies necessary for under- 20 scattered electron detector 160 is a Shottky barrier diode 
standing its fonction. Hie electron gun consists of a theimal detector shnilar to detector 117 that it is located to the side 
field emission cathode 81, an emission contcol electrode 83, of tiie beam axis. Somewhat different settings of die dec- 
and an anode 85 having an anode aperture 87. Cathode 81 tcx)static and magnetic V^en filter defledors 112 and 113, 
is held at a vdtage of -20 KeV by power supply 89. cause this beam to be deflected to die left onto die solid state 
Emission current, which depends upon the dectxic fidd 25 detector 160, where the signal is amplified by pre-anpUfier 
strength at the surface of cathode 81, is controlled by die 162 and passed to pre-processor 48 (see HG. 1). 
voltage on dectxode 83 via bias supply 91, which is negative For imaging wxdi low vdtage beams in die rangie of 
widi respect to the volts^ on cadiode 81. Cathode 81 is 500^-1500 eV, elements of die objective lens system are 
heated fay current supply 93w A magnetic condenser lens 95 biased considerably diffeiendy, and two specific new de- 
pear cathode 81isusedtocd]imatethedeclronbeam.An 30 ments are used. Erimaty beam dectrons are decelerated 
vppa d^ection system 97 is used for alignment, stigmation within the objective lens 1^ floating die substrate 57, lower . 
and blanldng. The optiics are further q)eftured fay beam objective lens pde piece 106 and intermediate electrode 107 
Ihniting s^wrtnre 99 ocmsisting of several fades. The beam at about -19 Kv means of supply HI. Hus technique 

100 is deflected fay a pair of dectcostaticpre-lens deflectors . allows the beam to be decelerated only near die end of its 

101 and 103, causing (he beam to rock around a point above 35 patfi, avoiding abenation and column interaction effects that 
die objective lens 104. Objective lens 104 consists of lower would greatly degrade the image; if die entire beam pafli 
pole piece 106, intermediate electrode 107 and upper pole were operated atlowerfaeamenergy. Under tiiese conditions, 
piece 105. In die hi^ voltage mode of operation only die die deodcrating fidd between pole pieces 105 and 106 
magnetic dements 105, 106 of die objective lens are used to creates a considerable focussing effect An additional sncr- 
focus the probe. The beam is eventually scanned tdecentri- 40 kd lens 125 with a single active pde piece bdow the 
cally over snbstrate 57. The proximately paralld beam is substrate provides most of the additiond magnetic focussing 
icfocussed by the objective lens 104, fomoing a Ix magni- field near the surface. The return flux of this lens passes 
fied image of die souxx% that illuminates sut)strate 57. through pde piece 106 to the outer shell of the snockd len& 

Jjx die high vdtage secondary dectron imaging mode. In addition to providing focusshig, die strong magnetic Add 
secondary dectrons are extracted vip through die objective 45 at the substrate assists in extracting low energy secondary 
lens 104. Stage 24, substrate and lower lens pole piece dectrons £rom deep features, and tends to keq> the second- 
106 are floated a few hundred volts negative by power ades cdlimated as diey are reaccdcrated xsp die objective 
supply HI so that secondary electrons are accelerated to diis lens bore 104. 

energy before passing through deflectors 112 and 113. The In the low voltage imping mode, secondary dectrons 
intemnediate electrode 107 is biased positive witfarespect to 50 diat leave die substrate at about 5 eV are reaccderated to 
die stage via supply 115, and is used to accderate die about 19 KeV widiin die objective lens. To minimize 
dectrons as soon as they leave die substrate and to aid in die charging, it is deshable that these dectrons pass dirougb a 
efficient collection of secondary dectrons that emanate from short field finee region near the sur£u:e. In the low voltage 
dqvessed areas on die safastiate. This combination of a mode die leakage fidd from die objective lens would create 
floating stage 24 and an intermediate dectrodjs 107 virtaally 55 an aocderating fidd at the substrate sui£u:e 57 were it not 
riimtiwte any spscad in dectron arrival times at secondary . for die voltage levd on intennediate electrode 107. In die 
dectnm detector 117. As they pass bade up through the lens low voltage mode, intennediate electrode 107 is biased 
104, die returning secondary dectrons aze deflected 1^ negative widi reaped to dedrodes 106 oeatiqg a fidd firee 
deflectors 112 and .113 which act together as a filter, region diat can fae adjusted by siqjply 115 foq[ytimum low 
and into detector 117. Here die return beam is leaoodoated 60 vdtage imaging. After reaocderation, the secondary dec- 
to higher energy fay power suppfy 119 in connection widi trons pass l&ough the "Wien filter d^ectors 112 and 113 
anode 118 of detector 117 to cause die secondary dedrons where dicy are deflected to die left onto die same detector 
to impact die Shotiky faanier solid state detector 117 at an 160 that is used for faackscatter imaging in high voltage 
enegy levd that is suflELdcnt for amplification. Anode 118 of mode. Thus die deeded signd at preamplifier 162 oonsti- 
deteictcr diode il7 is reverse biased by power supfily 12L 65 tutes die most impoxtant image signal used for inspection of 
The amfdified signal from detecftjr diode 117 dien passes to , wafers at low voltage. Detectors 117 and 129 are not used in 
preanylifier 122 after which it is transmitted to die video this mode for waf a inspection. 
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FIG. 5 shows a schematic diagram of the various dectron voltage modei a hole in tiie Soodocl lens 125 allows them to 

beam paths within cdumn 20 and below substrate 57. pass widiont substantiality influencing die lens field neces- 

Bections are emitted radially from field emission cathode saty for low voltage seqondaiy imaging. 

81 and appear to originate from a very small bright point In low voltage mode q)eration» where the substrate 57 and 

source. Under the combined action of die accelerating field 5 electrodes 106, 107 are floated at high voltage, the objective 

and condenser lens magnetic field, die beam is coUimated lens ppoates quite difierenfiy even though the beam padis 

into a parallel beam. Gun anode apciture 87 masks off are simUai; Snoxkd lens 125 q}p]ies a magnetic field which 

electrons emitted at unusable angles, while the remaining extends through the substrate 57 and into pole piece 106 

beam continues on to beam limiting aperture 99. Upper al>ove. As the electrons decelerate in the field between 

deflector 97 (FIG. 4) is used for stigmation and alignment, lo electrodes 105, 106 and 107, further refiraction occurs result- 

ensuring that the final beam is round and diat it passes ing in a relatively shoit effective focal length. This kind of 

through the center of the otjective lens consisting of ele- decelerating immersion lens has remarkably low abcira- 

meats 105, 106 and 107 (FIG. 4). Condenser lens 95 (see tions. It differs from conventional cathode lenses used in 

FIG. 4) is medianically centered to the axis defined by emission microscopy, insofar as electrode 107 is biased 

cadiode 81 and limiting aperture 99. The deflection follows 15 negatively to form a short electric field free region near 

the path shown, so that the scanned, focussed probe (beam substrate 57. With this electrode, it is possible to bias the 

at point of iiapact with the substrate) emeiiges from die surface in such a way that some low energy secondary 

objective lens 104. electrons return to die substrate to neutralize charging 

The diameter of the scanning beam 100 and its cuirent are effects, 

detomined by several factors. The angular emission from 20 Those secondary electrons tiiat escape die field free region 

die source (1.0 Ma/steradians), and the apextiare angle are re-accelerated in the region between electrodes 107 and 

defined by final aperture 99 determine the beam cmrent Hie 105. Tliey emerge from electrode 105 at an energy approxi- 

frobe diaxneter is determined by aberrations in bodi lenses» matdy equal to die 20 KeV primary beam energy from die 

which are designed for hig^ excitation (field width^ocal . gun minus dieir landing energy on die substrate. In die 

lengdi) to minimize both spherical and duoinatic aberration. 2S objective region, the secondary, paths are shnHar to die 

Ibe effect of beam interactions 0.0. statistical bkning due prhnazy beam, but at much larger angles since secondaries 

to lepulsion between individual beam electrons) are also are emitted widi a broad angular distribution. This secondary 

important in this higih cunent system^ accounting for about electron beam is directed toward the low voltage secondary 

half die probe size on substrate 57. These effects are mini- electron detector 160 which is die same detector used far 

mized by avoiding intermediate crossovers, by usmg a ^ort 30 badcscatter imaging at hi^ voltage. Since the energy of die 

beam padi (40 cm.) and by using lenses with relatively large returning secondary beam 104 Is comparable to the primary 

half angles at die source and substrate 57. To d>tain a given beam energy, much stronger Wica filta 112 and 113 deflec- 

spdl size, the aperture diameter is chosen to l>alance all diese tions are required, but this can be done without substantially 

effects while providing maximum possible current In this influencing the primary beam path 100. 

system spot size is primarily adjusted using the q>erture, 3S Since die low voltage mode is frequenfly to be used for 

although it is possible to change lens strengths to magnify or the inspection of partially insulating surfaces, the tediniques 

dcmagnify the beam from the source. used to minimize charghig are an important aspect of die 

In High Voltage mode, Wien filter deflectors 112 and 113 present invention. Charging of an insulating region occurs 
(sec FIG. 4) deflect die approximately 100 eV secondary when the number of secondary electrons (low energy sec- 
electron beam l€f into detector 117 widiout substantially 40 ondaries & backscatters) does not equal die number of 
influencing the higher energy scanning beam 100. The Wen primary beam dectrons incident upon the surface. For any 
filter consists of electrostatic octopole deflectcr 112 and surface diat gives an image, diis charge balance varies 
qaadrupole magnetic deflector 113, arranged so that the depending upon the topography and material. The secondary 
dectric and magnetic fidds are crossed (perpendicular to electron scattering yidd varies widi the energy of the 
each odier). Returning secondary dectrons are deflected 45 incident beam, but f(v most materials is greater than one in 
sideways by both fields. However, since primary scanning the range of about 200-1500 eV and otherwise less than one. 
dectrons 100 are travelling in die opposite direction, the When die yidd is greater than one, the surface will charge 
strengdi of diese fields may be chosen so diat die Wen filter positive. 

exerts no force upon the primary scanning beam 100 even Secondary dectrons leave die surface of substrate 57 widi 

diough it deflects die secondary t)eam 167 throu^ a large so energies in die range of 0-20 eV widi die most probable 

angle. This so called **Wlen filter" is used efiiectivdy for energy near 2.5 eV. JS die dectric field near the surface of 

coaxial extraction. The anode 118 of secondary dectron substrate 57 can be controlled, in diis case by the potential 

- detector 117 is sha$»ed so that dizring reaoceleration, beam upon intermediate electrode 107, secondary dectrons can be 

167 is collected and refocussed upon fiie ooUector of solid encouraged to leave that surface or return to it, depending 

state detector 117. S5 upon the applied field and die energy that they leave widi. 

The paths of detected transmitted and back-scattered For example if an approximatdy 10 eV retanfing potential 

dectrons are also shown in FIG. 5. lb detect back-scattered battier is estaUith^ dien only some, of die secondaries 

dectrons in high voltage operation, and secondary dectrons emitted from a point on die surface 57 would escapt to die 

in low voltage opoations, die Vfvs^ filter 112 and 113 is detector. 

excited differentiy, so diat diese dectrons follow the padi 6o ff die mmdier of escaping secondary and badcscattered 

shown up the system to the back-scatter detector 160. Wh£» dectcims is greater than the number of primary beam 

partially transparent masks are imaged, dectrons can also dectrons, sur&oe 57 will dunge positivdy whkh will 

pass dirough die substrate surface 57 without losing all their increase die size of the retardhig potentid barrier created by 

enogy. These transmitted dectrons pass duou^ dectrode dectrode 107. Fbwer low energy secondary dectrons will 
systeml23andl24(FIG. 4) which acts as a lens to spread 65 now esc^ The surface potential will move positively until 

out the transmitted beam 108 before it hits the d^ector 129. balance is reached. Ifdienumbaofescapingsecond^ay and 
When transmitted signals are to be obtained in the high backscattexed dectrons is less than the numba of primary 
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*9i/u ia/u. *3b/u conected by ifae deflection of eleclion beam 100 as 

Where I„ fa the gray scale value of a pixel in Ifae I* AJb^^SS^ S^"^ ^^f^^'l '^'^ ^• 

iyi*:alval«esforthcp^<L.e»bod,„„„tsan.: s1^rC^a^X^^sa^^^^ 

-12 -10 ^^^Z^J^ altemneirt computer a. In aUgnment 

21 *e data siieanM, one derived ftom^^ 
and anolher fipwn die 70, are ooiq>ared fw aKgmncnt ff 
mere IS a misaligninent, an alignmeot correction signal Is 
2 -2 2 -1 generated and tninsfetred to deflection contioDer srniis 

0-12-10 «6«»1 is Acb used as a vernier correction to 

positiOT bem 100 at the oooect location on substrate 57. 
a the manner described above, quantities I G P and r ri™ c mode, deflection eontrdler SO fiino- 

aredeterminedforeachpixelofb;ft^.Fo?;JSen m^ ^^S.,*?* '^f ^ 
^elAofdie68,theseparame.ersareth!hc;S^to 20 ^^^T^^S^S^^t^'^'^ 
thesameparametersQf the caiie^ndingpixeLZondie70 IwIflS^^ifSS ™« dieln toe swath. 

ytT^XIil "f".*^'^ ^ nerghbchood of B at cters of ti» eleS^ beam " 
leastoneparameterdiffersftomthesamepaiamcterofpixel AUaNMEOT COAIPUraR^ 

25 The fenctionrf aUgnment ownputa 21 is to accent too 
is flagged as a defect of both dice. *^ digitized images in Sim TaJ s«Je vS^ ^ 

a a smiEar manner, tfie parameters of every pixel <rf die '•etennine, in terms of fiactional ptol distances. flie'iX 
70 are conqared with the parameters of pixds in tiie ^^S^^it between tiiese images. ThenrefcnedmbodimS ' 
corresponding neighborhood of die 68 and flKwrncmiati °*»l>ese alignment calculations is desfibed In UsTS^ 
are flagged as being defective. *^ 30 4.805,123 (Specfat et al; "Amomatic Hiotomask and Retfcte 

The physical in^rfementation of this algodlfam is per- ^*f«cti<M« Method and Apparatus Including fimaoved 
Komed in pipeHne logic, as described in U.S. Pat No t7 Alignment Sub^iystem", issued Ffebt 

4,644,172 (Sandlandetal; "Electronic Control of an Auto- "•,!^'f ^«^«ito the same assignee as flie present 
malic Wafer Inspection System", issued Ffcb. 17, 1987 and 1" Jis preferred embodiment tiie alignment 

asagned to the same assignee as die present wpUcation). 35 continuously calculated timnig^ont tiie ^ 

TlM matrix opaationsar«iB4»lemented to App^tionSi^ The ralculated aUgnment correction m^ be used 

cUfc tote^ Oicuit (aSq devices wWdTcaw:^ ^ClS^^^S^'^^';^'^'^^^ 
ma pipe Une convulatioiial system capaMe of computing £ s^^^lf^f^ 
defcrtdataataiateof lOOMMaplx^econd. a^«sMt to the 

DBFLECnON CXJOTROLLTO^ ^ '4^'** ''"'^ ^ defect Rocessor 

Bi die^Miie mode, die fonction of deflection controUer ^i^^^^'TT'^^'^^^'^ '^^^'^^'^'^ 
SO is toposition die etectron beam lOO^^^f^d f^fs^Jl^ rtisaUgmnat only at fliese 
points within cadi swafli«» of die 68 so that toem ?»*^«'«f«»^ 

ti» detectors 129. 160 and 117 can bTc^^^JttTth^ ^ i^ a dngte 

outputs Of flie sar^e detS^i r^L^^SgStS: 45 ^Z^'t:^Z^^ ^ "-^ 

on die 70. Similariy, in die-t,Mlatabase 1^ tiiefiiSS Si^^^^S^iST^^^" 
iiiiagedeiived torn database adaptor 54 is comJ^^ ^i^™cal^^ 

thedeteaorll7outputfioma^S.Sc5onSjS STlSt?^*?"Sf^"?'^'^^^^ 
acoompUshes Uiis by controlUng die positions of^24 S,?^ J? detamtoe shifis between the 

andrfdectroobeaSlOOassh^LinK^feSK „ j3*^«s«tfion the memory MockS2.oti» defect 

.Wh« scamnng tt« first die in a swath, ti« ou9.nt of "^^^^Stv. . , 
aligimicnt computer 21 is set to ««>, bec^ dt^tog the J^i^^^^^^T^^J^'^'^^ 
smning of ttie first swath of the fintdie tiiere mnoTbTa ^^^^^^i^'^^J^'^^"^^"!^^ 
misaUgmnentThercfote, during dris period, defl^onroi/^ « A^^T^lL^^ ^ "^^ ^^8^ 
troUer SO receives its instruction oiiT^^^ ^Tr^ , *^ ^tf" deflection oontroHer 50 is converted taZ 

putcr42.Basedond.eseSS,SL?I^^ ^^^1^'^''^^,^^^^-^^^ 
received fiom the X and y inteifeMineters maSaJS^ Senerator 232. The ampUtude of flic ramp Is variable 

controller SO calcuh.es tiie'd^SyLgtSS; t^C^^tll'^^^.I^.T^'' 

transmits corresponding signals to stage savo26 to^ove a S^^^Zf-^^.f*''^"*™^^'^'* 

stage 24 aa^rdingiy.'Delection Jt^ S^^ * ?o£ St'S^JSf "15'^'^^ 

calculates tiic desired deflection of beam 100 and ttZfe 3^ 'o* ""isedrivas ttien ampUfy ttie waveform to 

tttis data to analog deflection dh^itsS^ S^MlS^ TZT'^^*^ range of ±180 V whid, is 

^po^onfeco„stanttymonit«dbyx«STi2S fflS^ISS''^ 

whidiisfcdbad.toti^stageservo'SveZa'^ff SS^Td^^^^uT^SS^ " 
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Refeniag to FIG. 10, conceptually, each module of andim>aseii9utbyiiK>difykgdataMcsandbyseiu^ 

mcniQiy blodL 52 consists of two FIFOs (First In— First messages to other parts of the system to initiate actions. 

Out) memories. The fint FIFO stores the gray scale values 3. An Inspect Task that sends descriptions of image 

correspoDding to each detector of an entire swath derived acquisition swaths to coloom condQl computer 42 (via 

from die 68, while the second FIFO is much shorter and 5 . the Master I^). 

stores the gray values, again for each dctcoor, correspond- 4. a CSommand Language Intopreter Tusk that can accept 

ing to ooty a few scans of die 70. The ou^ts from these two comzoand inputs from keyboard 40. This task also 

FDFOs are (hen transmitted to defect processor 56 and fy^anflg ^ay thngr y that ypaMft rt^f. ant Amatig gAediiHng nf 

alignment computer 21. Each FIFO functions at a rate of 100 npetitive operations. In addition, tiiis task creates and 

MbzandstOfescachphid*sgrayscalevaluewithaprecision 10 updates a text logfiledescribhigall machine cpexations 

of 8 bits per dciector. and the time tiiey occurred. Ncnnally this task is only 

The memory aocqjts in its input register 302, 8 bytes in used for machine control by service engineers, 

parallel from acquisition pre-processor 4S for each type <rf An example of a system computer is a Sun Microsystems 

detector. Input register 302, acting like a shift register, shifts SPARC processor that runs under a UNIX operating system, 

the eight bytes to the right and then accepts another eight 15 (XJNK is a registered trademark of AT&T.) 

bytes, until such time that the eight sections of the input COLUMN CONTROL COMPUTER 

register a fnlL At that time all 64 bytes are do^ed into Column control computer 42 consists of the autofocus 

niemory 303. computer, vacuum control computer and deflection instruc- 

One way to implement this is with DRAMs 303. Ordi- tion computa; The functions and in^ementation of the 

narily 128 megabytes would be used in a system. 20 autofocus computer is covered under the headings Autofo- 

ACQUISrnON pre-processor cus System and the Vacuum System is described under die 

Acquisition pr&-processor 48 converts the analog signal heading of Vacuum System, 

from each detector 117, 160 and 129 and digitizes these to Column contrd computer 42 receives its instcucdons 

an eight bit value at a rate of 100 Mhz, then rcfonnats die ficom system computer 36. 

output signal fcur storage in memory block 52. 25 The cohmm conqNiter 42 is inqdemented in a 68030- 

Aoquisition pre-processor 48 consists of three identical . based singjle board cosiqNiter, such as the CPU 30ZBEmade 

modules, one of whidi is shown in HG. 11. Each module 5y ^qtoc Coir^JUter, Inc. 

accepts an output from its oocreqranding detector and digi- POST PROCESSOR 

tizesfhatou^uttoanaocuraQfof Sbitsandtfaenplacesit Post processor 58 receives from defect processor 5^ a 

into multiple scan integrator 11. The purpose of nmltiple 30 xaap that identifies every defective pbid for each ^pe.of 

scan integrator 11 is to average the gray scale vahies from detector. The post processor 58 concatenates these maps to 

the same pixel for tiie reduction of noise. Under certain determine die size and location of each dcfisct and rfagieififtR 

circumstances &e pixel may be rescanned» ie. resampled these by defect type. Hiese data are then made availatde to 

several times and die resultant value is the average of the system con^uter 36. Physically, post processor 58 can be 

values for that pixeL This value is then transfiored to shift 35 impiemfented as a 68030 single board computer, sudi as 

register 13 which accepts eight bytes in series before trans- model CPU 30ZBE made by Force Conqmter, Inc. 

f erring diem in paralld to memory block 52. VIDEO FRAME BUFFER 

INTERFEROMETERS Video frame buffer 44 is a commercially available video 

The X and y positions of stage 24 are monitored by x and firamememocy with a storage c^udty of 480x5 12 pixels, at 

y inteiferometcrs 28, such as Teletrac TIPS V. The positions 40 12 bits per pixel A suitable frame buffer is the Image 

are defined to 28-bit precision where the least significant bit Technology, Inc. model FGIOOV. The video frame buffer 

corresponds to approximately 2J nanometers. refreshes image display 46 30 times a second. 

SYSTEM COMPUTER IMAGE DISPLAY 

Overall control of system 10 is provided by a system Dnage display 46 is a commercially available color 

coiiq)uter 36 which, among its other housekeqxlng tasks, 45 monitcv, such as die SONY moddPVM 1342Q. False color 

ensures that various step sequences are performed in an techniques are enqdoyed to aid the evaluation of the image 

orderly manner. Each event in the sequence is accomplished t>y the operatOL Sndi techniques assign difiiBrent colors to 

at die programmed time, widi a nmnber of nonoonflicting the different gray shade values of a monochromatic image; 

sequences perfcgmcd siniultaneously to maximize throng DATABASE ADAPTOR 

put of computer 36. 50 . Database stAafiUa 54 is an image simulator that produces 

The routines pref onned by computer 36 are dedgned sudi scale values corresponding to eadi pixel on the basis of 

that user interaction widi die system is eidier through conoputcr aided design data used for the making of die 

keyboard 40 widi an assodated mouse or trackball pointing pattern in the die.Typicalty, die ii^nt to die database adqitor 

device, or by data communication widi a remote computen |s a digital magnetic tape in a focmat used for die generation 

fkn- local intBnu:tion,oomputexdiq)ky 38 displays gr^^a 55 oftfaepattemfcrdieintegrftteddrcuitTliesedigitaldataaie 

and text from system coo^uter 36. then converted to a stream of pixel data (Hganized in swatlis. 

The system can^uter 36 routines are Qiganized into four in die sanaefonnat as die output of acquisition pre-fm>cesscr 

oommniiicating tasks^. These are: 48. Such a database adaptor was previously disclosed in U.S. 

1. AMastcrT3iskdirou^wbich passes all communication Pat No. 4^926,489 (Danielson et al; *1fleticle Inqfiectiott 
widi column control computer 42, post processor 58, 60 System"*, issued May. 15, 1990 and assigned to the same 
. and mask handler 34; This task also maintains fOes on assignee as die {sesent application). 

the system computer diet record machine operating SUBSTRATE HANIH£R 

parameters sudi as lens settings, vacuum pressures, and The function of substrate handler 34 is to automatically 

beam currents. extract substrate 57 from the cassette and place it in the 

2, A User Interface Task diat manages displays on com- 65 substrate holder in die proper orientation. It is a robotics 
puter display 38 and diat handles keyboard 40 and device that is similar to wafer handlers hi common use for 
moose inpvH This task responds to user keyboard 40 transporting and manipulating wafers in the semiconductor 
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indostcy.The first fiinction of the handler is to determine die 
orientation of die flat 59 of FIGS. 2 and 3o. Handler 34 
senses the flat optically with a l^ear CX3> sensor oiiented 
radiaUy with re^ct to the rotational center of the substrate. 
As the snbstxate rotates, the output of the image sensor is 
convoted to digital form and is then stored in a single board 
computer, such as the Force Computer,- Inc. CPU 3QZBB. 
Ihe computer detemiines the location of flat 59. The sub- 
strate is ten rotated into the proper oiientatioii and auto- 
maticadi^ placed into a substrate hoMei; The holder, now 
containing the substrate, is loaded into load elevator 210 of 
HG. 8. All operations of the handler are executed under the 
control of system computer 36, 
STAGE 

The function of stage 24 is to move substrate 57 under 
electron beam 100 and under optical alignment system 22. 
In Gfder to minhniy^ the conoplexity of the system, stage 24 
has been selected to only have two degrees of freedom: x 
and y; it can neither rotate nor move in the direction 
peipendicular to the x-y plane of substrate 57. In o&er 
words, the stage can on^ t>e translated in y or diagonal 
diiedions. Instead, rotation of the E-Beam raster is accom^ 
plished etectronically, by resolving aqy scan into the two 
components of flie electrostatic deflection of die beam and 
also moving die stage with the mechanical servos in a 
similar manner. iS-axis motion is not requited because flie 
objective lens has sufficient range in its variable focus to 
compensate for any height variations in substrate. 

The stage ^ is a precision device with closely controlled 
straightness, orthogonality and repeatability. Grossed roller 
bearings are employed. The stage is vacuum compatihle and 
nonmagnetic, so as not to inteifere with electron beam 100. 
It has an open frame, so that transmission electron beam 108 
can reach detector 129 below it. The open frame is also used 
to place substrate 57 on it from below in the loading prcxxss. 

Three-i^ase fanishless linear motors (not shown), two per 
axis, have been selected to drive stage 24 for best overall 
system performance. Suitable linear motors are the AnoUne 
models LI and 12 made by Anorad, Inc. 
VACUUM SYSTEM 

The entire vacuum system is under the control of column 
control computer 42. Convention^ pressure sensors (not 
shown) widiin various parts of the system measure the 
pressure andrepost this to column contrd computer 42. This 
oon^)nter then sequences various valves, as necessary, on 
start-iQ) or during the loading <ff unloading of a substrate. 
The latter routine is explained in more detail under die 
heading of Lx>ad Operation. Should the vacuum be Inadr 
equate for the electron beam operation, tfae high voltage is 
automatically cut off to protect source 81 from damage. This 
done widi pressure sensors in combination with conputers 
42 and 36. Sinouttaneously, pneumatic isolation valve 145 
(FKjS. 6 and 8) is also actuated to pcotect the ultrahigh 
vacttumregion 140 of die column from oontaminalion. Ihe 
operation of ^e vacuum system is caqfdained in detafl below. 

The vacuum ^stem of tfae gun is a two stage diflisrentialfy 
. pumped system de^soed to be pre-baked and odierwise to 
be maintained indefinitdy widiout servicing. Ultra High 
Vkcoum, (q}proximately ICT^Tbir) region 140 is pumped 
by ion paaxps 139 and isolated by gun anode aperture 87. 
Intermediate (approximately 10^ Tbnr) vacuum region 141 
is also ion puixq}ed, by pump 149, and is sq)arated from 
main system vacuum r^on 143 by pneumatic gun isolation 
valve 145 and by aperture assembly 99. Together these 
vacuum elements provide an environment suitable for field 
emission in a production environment 
■ The vacuum in lower column region 143 is maintained by 
tnrbqiump 204 just as the vacuum in inspection chamber 
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206 is provided by turbopun^) 208. Inspection chamber 206 
is sep^ated from lower column region 143 by a plate which 
has a small hole through ^idudi tfae electron beam can pass. 
This sqiaration of vacuurn regions 206 and 143 pomits high 

S vacuum to bo maintained even when the substrate to be 
inspected is coated with a photoresist material which typi- 
cally has a significant vapor pressure. 

The vacuum system has two air locks, 224 and 226, one 
to load a substrate 57 into inspection diamber 206 and one 

10 to unload the substrate after inspection. Each chamber is 
connected to the vacuum pumps via two valves, 212 and 
214, in a parallel configuration. Valve 212 is for slow 
pumping of the lock chamber 224 while valve 214 has a 
large orifice and is able to handle a large volume. A similar 

13 arrangement, also shown using valves 212 and 214, is 
provided for chamber 226. The purpose this dual arrange- 
ment is to preclude particles being stirred up in die evacu- 
ation process and yet minimize the time required for evacu- 
ation and rqiressurization of the chambers. 

20 As will be explained in more detail below, initially, after 
the substrate has been placed in load lock 224, only the slow 
valve 212 is opened, thereby ensuring diat the flow rate in 
the chamber is sufi&dentiy slow so as not to stir particles 
in the lock area 224. Once the pressure in the chamber has 

23 been reduced to a level diat die air flow is in the free 
nudeodar flow region, a n^on where particles are no longer 
sdiredup, the large valve 214 is opened in order to n^dty 
evacuate the remaining au: in the lock. A similar two-step 
operation is used in the repressurizatioh process, where 

30 valves 228 and 230 provide fast and slow venting for e^^ 
chamber 224 and 226. 
LOAD OPERAnON 

As previously described, substrate 57 is mated with an 
adaptor in mask handler 34 and is placed into load elevator 

35 210. Load lock 224 is, at this time, at atmospheric pressure. 
Valve 212, a valve that pennits only slow evacuation of the 
load lock 224, opens. When lock 224 has readied a pressure 
where the flow becomes molecular, valve 214, a high 
capadty valve, is opened and the remainder of die air is 

40 pumped out Now gate valve 216 is opened and elevator 210 
pushes substrate 57 and holder through valve 216, into 
inspecdon chamber 206 and places it on stage 24. After 
substrate 57 has been inspected, the reverse process takes 
place and substrate 57 is replaced In a cassette used to store 

43 substrates. 

Alternately, a cassette of substrates oould be loaded into 
the dianober in a similar way, each of the collection of 
substrates inspected and dien the entire cassette of substrates 
removed and r^laced with the next cassc^ of substrates. 

so Birdier still, die double lock arrangement of the present 
invention makes it possible to be inspecting one substrate in 
one chamber while simultaneously a second sut»trate is 
either being inserted and pressurized, or dqnessorized and 
removed, using the second chamber 

55 AUTOFOCUS SYSTEM 

Electron beam 100 is focused fay varying die current in the 
system's objective lens 104 (PIO. 4). Doe to the fact that 
substrates are not always fiat, and because die surface of 
stage 24 may not be perfect^ perpendicular to the axis of 

60 column 20, tfae optimum focus current varies over the care 
area. Because this variation is slow as a function of distance 
in die X and y directions, it is feasible to determine die 
optimum focus current at a few designated points, and for 
any points in between these one may interpolate the desired 

65 focus current 

As part of the set-up and initialization of the inspection 
process, fiie system measures the optimum focus current at 
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dedgnated points. This focus caUhradon process comists of Using an aatomatic match network 177 (such as an 

positioning the beam at the designated point and then Aotomatdi, roistered trademark of RF Plasma Products, 

measuring &e gray scale value along a straight line peipen- . Oieiry Hiil NJ.)» leveled RF oa^ut power is then trans- 

dicular to an edge of a feature on substrate 57. The digitized formed to zpptopdstt vdtage, current, and phase relation 

gray scale values are then convdved with a higfi pass filter s such as to provide both sufficient avalanche potential to 

(not shown) for 10 diffedng values of focus current, for initiate a plasma discfaaige as well as performing conjugate 

exanqde. The best focus is then the current CQixesponding to matching of the sustained discharge load, 

the highest output from the high pass filter; In the preferred As shown in FIG. 12 is substrate coating system 172 far 

embodiment a second derivative filter is used wi& the applying a conductive coating to the t<^ surface of die 

following convolution coefficients as follows in this lo 6ut>strate to be inspected using the present invention. Any of 

exainple: several wen know conductive coating application system' 

can be used including, but not limited to, one that utilizes 

. evaporative or sputtering techniques. 

For best results the output of the high pass filter should be Similarly the plasma may also dean any other surfaces or 

smoothed. electrodes, such as 171. 

The focus computer is part of column control conD5)utCT INSPECTION OF PHASE SHIFT MASKS 

42. The focus computatioa is carried out in special purpose FIG. 13 illustrates the aoss section of a typical phase shift 

hardware consisting of a convolver integrated circuit and mask 500 having an optically transmissive quartz substrate 

some DSP elements. 504 and an opaque patterned chromium layer (typically 0.1 

OPTICAL ALIGNMENT SYSTEM 20 pm thic^, shown here as pads 506, SOS and 510, deposited 

Optical alignment system 22 is used by the operator to onto the top surface of substrate 504. An optical phase shift, 

visually petfcmi coarse aligmnent of the die after it enters that is desired in the production of a semiconductor wafer 

the inspection diambec The subsystem consists of a window usmg a mask sudi as phase shift mask 500, is produced by 

into the vacuum chaniber and lenses to project image an appropriatdy sized well or trench 502 (typically »25|ffli. 

pattern on a CCD camera for dispih^ on dhplay 46. The 25 in dqith) that Is etched into quartz substrate 504 at the 

openuor can chose one of two lenses, (in the present desired location. 

invention tiiese were enqtirically detcnidne^ one with a Phase shift masks, such as mask 500, have always been 
magni fi^y*'^" of 0.46 and the otiier one witii a magnification Inspected optically, however; optical^ techniques axe ever 
of 5.8f€rtheviewingaf thepattem. Ihocdertopredudettie more diflcult to use as the desired semiconductor smfto 
coating of optical smfiices witii contamination from the. 30 pattern sizes to be produced by such masks become ever 
substrate, all lenses are located outside the vacumn. smaller. The present invention uses an electron beam tedi- 
SEM PLASMA CLEANER niqne tiiat employs the resultant bacfcscatter and secondary 
In the courseof operation of the electron beam apparatus electrons to inspect a phase shift mask of any of several 
of the present invention, organic iFi^tftpaig are deposited oa variations to dctennine the suface features of that mask, 
various deflecticm and beam fining electrodes by proxim- 3S To prqpare phase shift mask 500 of FIG. 13 for infection 
ity interaction (near surface charging of particles), and using an electron beam, a thin electrically conductive layer 
volatilization of target material tiien drawn to hlg}i tensioo 512 of noetal (e.g., ahiminum car gold) or of an electdcally 
regions. The resulting didectric accumulations over time conducting jpdymer (e.g. TQV501 manufactured by Nagase 
will, through sinface charging, adversely affect beam steer- LtdX is placed on all exposed top surfaces of mask 500 and 
ing and forming mfyhqn^'STTTs^ Necessary periodic removal 40 the structures thereon and therein (with a film coating 
of these ma tp p^is is acoon^lished through employment of system of any of a variety of types, including, but not limited 
an oxidizing plasma fcntied in close pn)Kijnity to tiiose areas to an ev^xirative coating system or a guttering system), 
of accumulation. including wells, by evaporation, or a sintilar process. Con- 
To petfonn that function, oxygen is used as the pdmaiy ductive layer 512 is then electrically grounded (501) to 
gas for the formation of a cleaning plasma. Ref ening to FIG. 4S provide an electrical return path for the electrons that are not 
8, oxygen si^ly 15M> is introduced into the upper or lower backscattered or produced secondarily, flins minimi rfng the 
portion of the chambers, 341 and 143, respectively, via valve . possibility that an area of the substrate that is under inspec- 
193 and regulated using a mass flow controller ^95 lo tion will acquire an electrical diaige. 
produce a controlled pressure sensed by . capacitance Phase shift mask 500 may contain surface defects that can 
manometer 197. Oo^gen prosure is adjusted to optimize so take various forms, such as extra, chromium on, ot unwanted 
coupling of RF energy and localize the plasma excitation to etchings into, the quartz, cr posts of quartz within a weU or 
each sequentially selected electrode, or other dectrodes extending above sur£u» 544 of the quartz substrate 500. In 
needed to dean otiier regions of the operating space, all FIO. 13 a defect in the foan of an unwanted etdting 514 
havingdifferingmeanfreepatiisfQrionizati(u.Oxidationof ^^bicfalslUnstnttBdhcreasanairowwedladSaoentdirominm 
only die osgadcs takes place by tightly controlling die S5 pad 508w However, an unwanted etching may occur any- 
spatial plasma density in discfaaige regions to a kvd just where in the surface of quartz substrate 540, induding 
bdow die sputtering potential of ttie dectrode surfaces. Tliis beneadi a dnominm pad. 

Is acoon^>Iished by suppression of dectrode self biasing at Refeoing now to HG. 14, there is iUustiated one aqject 
high frequendes and precise RF power leveling, and/or ci the present invention wherein the exposure of dififcreot 
voltage lindthig. «d sm&oe locations of a simpUtied phase shift mask 500 and 
Referring now to HO. 12, for electrodes leqoirittg dqio- the measurement of the resultant backscatter and secondary 
sitionremovalorany otiier areas and iff dements, an nonnai electrons from that point enable die user to detenntne die 
dectrode padi connections are switched duoug^ relays 191 type of material beneath conductive layer 512 at die location 
to a radio frequency compatitde imiltqilex relay 179 in order being struck by an dectron beam. In FIG. 14, for sinq)lidty 
to direct RF energy sequentially to eadL A generator of high 6S of illustration of titis aspect of the present invention, sub- 
frequency RF power 173 is enabled and dien ou^ut levded strate $00 is shown bdng subjected to dectron beams 100 
by power detector 175 and ou^mt voltage detector 17& and 100^ at points 516 arid SIS, respective^, widi only one 
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dectron beam bdiig used at any instant in time, lb forOier coEresponds tooanow wen514 (the defectin this exan^Ie). 
daiify this point, the electxoo beam systm of the present Olhxt physical variations in mask 500 wUdi aie not iHos- 
inventioa has a single column and thus only one dectron trated here could prodnce. other signal levd variations, e.g, 
beam. The indusion of two beams in this figure is to varioastMdcnesscf the chromium pads, different widths or 
illustrate an dectron beam being ^^Ued substantially per- 5 dqiths of wells, quartz posts on the top surface or extending 
pendicular to two different locations on the surface of the upward within the open space of a wdl, etc. Other features 
substrate at points 516 and 516* at two different points in of secondary dectipn waveform 545 that are of interest are 
time. the sharp signal peaks 550 and 552 at points wiOiin the 

Election beam 100, or 100^, typically has a high energy waveform that correspond to transition points in the surface 
(nominally 20 KV) that penetrates conductive layer S12» as lo heightof mask 500. The most dramatic of these occur at the 
well as, into each of du-omium layer 510 and quartz sub- edges of wells 502 and 514» The larger peaks in the 
strate 504, what evff is beneath the point of impact of the secondary dectron waveform result from tiie production of 
dectron beam at that point in time. Since diromium has a additiond secondary dectrons that are emitted from the 
higher atomic wdght than does quartz, dectron beam 100* vcrticd walls of ^ed wells 502 and 514, Similariy, the 
does not penetrate as deeply into chromium layer 510 and 15 smaller signal peaks 552 result from the production of 
quartz substrate 504 as dectron beam 100 penetrates into secondary dectrons from the vertical side walls of the 
quartz 5ubstiate504 done, given that the strength of dedzon patterned chromium pads 506, 508 and 510. 
beams 100 and 100* are equal This is rqsresentativdy A shnilar examination of backscatter electron wavef(nm 
iEustrated in FIG. 14 by tiie two different sized teardrop 546alsoreyealsfpurbackscatter signd levels: a first signd 
scatter envdopes 524 and 526 at points 516* and 516, 20 levdlhat contsponds with mose portions of mask 500 that 
ieq>6ctivdy, which illnstrates &e theoreticd penetration cf are flat and do not have a diromium structure (544); a 
die dectron beam at eadi location. At both pomts, the second, signal levd that is higher than die first signal levd 
collision of electrons from dectron beam 100, or 100*, with and that oonesponds with fliose portions of mask 500 that 
thin conductive layer 512 produces secondary dectrons 528, have a diromium stractoie on substrate 504 (506, 508 and 
commonly referred to as SE I etedrons As dectron beam 25 510); a third signal levd that is lower than the first signd 
100^, or 100 penetrates into either dmmunm layer 510 or levd and tibat corresponds with tiie widest well 502; and a 
quartz layer 504, rcspectivdy, a portion of the colliding fourth signd levd tiiat is lower than the tfdrd signal levd 
dectron beam is scattered and produces backscatter dec- and that corresponds to nanow wdl 514 (the defect hi this 
trons 538 or 536, respectivdy. When backscatter dectrons example) with die signal levd variations generally bdng 
536 or 538 leave conductive layer 512, they also produce 30 greater in the badcscattcr wavcfomL Ftelhcr, as wifli the 
secondary dectrons, 540 and 542, respectivdy, that are secondary dectron waveform, other physicd variations in 
commonly referred to as SE n dectrons, mask 500 will produce other signd levd variations, eg. 

Referring now to FIG. 5 where an dectron beam column various thickness of the chromium pads, cfifferent widths or 
is illustrated, as discussed above, secondary dectron deteo- depths of wdls, quartz posts on the surface and in wdls, etc. 
tor 117 gwicrates an dectrfcd signd for eadi secondary 33 Additionally, the backscatter dectron waveform experiences 
electron detected, whtte backscatter (tetedor 160 dmilarly signd peaking ody at the points fliat cMrespond to die mask 
generates an dectricd signd when a backscatter electron is surface transition pohits to wells. Those transition points to 
detected wdls correspond to die edges of wells 502 and 514 produo- 

To illustrate die effect of bombarding an <^ticd phase ing a peak that is much smaller than the peaks in die 
shift mask 500 with a high energy dectron beam 100, HO. 40 secondary electron wavefcnn that correspond to die same 
15 combines die aoss-scctioned mask 500 of HO. 13 at die pohits on mask 500. Additionally, there arc no noticeable 
top wifli die correqwnding secondary and backscatter dec- peaks at die transitions bdween the chromium pads (50l», 
tron waveforms 545 and 546, respectivdy, produced by 508 and 510) and die plain quartz surface (54^. 
bombardment as dedron beam 100 traverses across die By ccanparing each of die secondary and badcscatter 
surface of j^^^^ 500. Ftndier, in FIG. 15 secondary and 45 waveforios, die location, size and shape of any wdls can be 
backscatter dectron waveforms 545 and 546 are each iUus- positively identified. Since the number of badcscatter elec- 
trated in registration with the cross-section of specimen 500 trons escaping a well is a function of die depth and widdi of 
to iEustrate the correspondence between those signals and the well, a measure of die depth and widdi of a wdl can be 
die physical diaractexistics and surface features of mask500 determined from badcscatter dectron wavdorm 546. In 
as beam 100 scans aooss the surface of spedmen 500. Ihe so order to do so aocuratefy, a calibration can be made of die 
two signahillastiatedaieqfpicBl of die dgoals generatedby backscatter dednm waveform agamst wdl deptti by using 
secondary dectron detector 117 and backscatter dectron a sanopLe of the substrate of interest widi known frendi 
detector 160 of PEG. 5, as eilectron beam 100 scans die depdis and widths. Mtematdy, die same result could be 
suitoeof q)ecimen500. : derived by cdculatuig die nmoibo of badcscatter decurons 

Pxwntniiig secondary dectron waveform 545, severd 55 diat can esc^ firom a wdl of a given depdi and widdi tiy 
features of die waveform conespond to the physicd char- assuming that the dectron emisrion is hunbertian. 
acteristics of mask 500. In this illustration there are four ShnHarly, since secondary dectron waveform 545 
resulting secondary signd levels: a first signd levd diat indudes dramatic signd peaks at all pohits diat correqxMid 
corresponds wididiose portions ofmask500 that are flat and widi surface trandtiond edges and backscatter dectron 
do not have a chromium structure (544); a second signd 60 waveform 546. ody experiences peakhig at pdnts diat 
level that has a greater magdtude dian die first signd levd correspond to the edges of wdls, die backscatter dectron 
and diat corresponds widi tiiose portions of mask 500 diat wavdorm can first be examined to identify diose pohits 
have a chromium stracture on substrate 504 (506, 508 and where the signd experiences peaking and thus identify 
512); a third signd levd diat has a lower magnitude than the which of die peaks in secondary electron waveform 545 
first signd levd and diat corresponds widi die widest wdl 65 cwrespond to edges of a well, and tiien tiiose peaks of 
502; and a fourth signd levd diat has a signd levd did has . secondary dectron waveform 545 can be used to positivdy 
a lower magnitode dian the thlind signal levd and diat - locate the edges of a wdl of ma^ 500. 
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Fkntfaer, note &e variation in dgnal Icvds in socondaxy mudi greater than the variation in dgaal levds in the 
electron wavefonn 545 between the fint signal kvcl that sccondaiy dcctron wavcfomL n may also be desirable to 
corresponds to die'nondnal flat xcgton 544 of niask 500 and detmnine the best energy level to use for the election beam 
the third signal levd that coresponds to wdl 502 wift the during the initial set up of the inspection parameters since in 
first signal levd bdng greater than die third dgnallcvel, 5 many instances the exact chaxacteiistics of phase shift mask 
even though the matedal of mask 500 is the same at both 500 may not be known a priorL Similarly, different energy 
locations. The difference therefore, is obviously the result of levels for the dectrbn beammay facilitate the maximization 
a smaller percentage of secondary dectrons being able to of the accuracy of depth measurements of wells as compared 
escape from the wdl than are genaatcd from Ae flat surface. to determination of the exact location and extent <rf the 
The secondary declron signal emission from the wdl can 10 patterned chromium fields on the substrate, 
thus also be calibrated, to provide a measure of wdl depth, To improve ttie efficiency of cq)turing the backscatter 
and this information used, together with the badcscatter dectrons, one may employ a variety of detectors, sudi as 
dcctron waveform signal levd in those regions of maskSOO, semiconducto- detectors, sdntillator-^iotomultiplier com- 
in a wdgbted average to determine the depth of wdls binations and miaochannd plates where the axis of the 
present in a mask 500. 15 annulusofthepathof ddectorcoinddeswiththepath pfthe 

As noted above, flat sm^s of chromium structures on primary beam. These types of detector are discussed in 
mask 500 have higher badcscatter and secondary election pa^s 181-182 and 18^190 of a book by Ludwig Rdmer 
signal levds than those emitted by similar quartz regions. "Scanning Electron Microscopy", Springer-Verlag, Bcriin, 
This results from chromium having a higlier atomic w^Jit Hdddbeig, New Yoric, Tokyo, 1983. 
than quartz, thus, the diromium surfaces genoate more 20 HG. 16 is a simplified objedive lens portion of the 
backscatter electrons at the surface, whidi in turn, generates electron beam oohman of HG. 4 to iflustrate one placement 
mac SB n dectrons than are produced at sfanilar quartz of an annular badcscatter detector 5«0 within the column to 

capture the badcscatter dectrons of interest from mask 500 

Additionally, boA the secondary and backscatter electron for the present invention. As disaissed above in sdalion to 
waveforms 545 and 546 each exhibit, in the regions of the 25 FIG. 4, here in FIG. 16 arc lower pole piece 106 and 
rtched wens, an uppcrwardly carved bow sh^ in that intermediate dectrodc 107 with the badcscatter dectrons 
portion of the waveform (e.g. 548). That characteristic of recdved by annular backscatter ddector 560 passing 
these wavcfonns can also be utilized to distinguish etched through the central annular <^nings in lower pole piece 106 
wdls from flat surface areas of Ac substrate, such as suriiace and dectrodc 107. 

^ 30 FIGS. 17 and 18 each illustrate other constmction features 

Ttius, to ddcct defects, it is only necessary to perfoon a that are also found on some phase shift masks. At the top of 
region by region examination and comparison of die por- HG. 17, a cross-section of mask 500* is shown having a 
dons of each of the secondary and backscatter electron quartz substrate 504' and a pdr of diromium pads 562 
wwcforms,based<»ittiephysicalcharacteristicsexpcctedin overhanging a wdl 502* from opposite sides, or diromium 
ftesiibstrateofmtBfcst,^rtiichisthencon[^aredwi&simi^ 35 pads 562 can be said to be under-cut by wdl 502'. 
results obtained from a corresponding region rfthe same, or Additionally, given mask 504' the expected secondary and 
ano&a; mask 500 of the same design. Altexnativdy, the backscatter declron waveforms 545* and 546*, respectfully, 
ledon by region results obtained from ttie secondary and are shown bdow and aKgned with die cross-sectioned mask 
backscatter waveftams from an actual mask, as described to iUustrate the ooirespondenoe between the various portions 
above, could be con^Mttcd with results derived from mask 40 of the waveforms and the features of the mask, 
data in a data base (eg. CADS) from which the mask of . As expected, the shape of the badcscatter and secondary 
interest was fabriratfrf. Hds process can most easily be electron waveframs fw eaA of die surfaces and the main 
facilitate by first digitiziiig the secondary and backscatter part of weU 502' arc as shown previously in FIG. 15. The 
dectron wavcfcnns 545 and 546, rcspa^tfidly, and thwi difference here is the negative going pulse 566 and 568 in 
perfonning die various functions digibaUy sunOar to dib 45 die secondary and backscatter dectron waveforaas 545* and 
process that was described eariia. 546^, reqK!CtfuUy,intheiegionof the undcr-cols. This small 

Ftohcr, afla the inspection process is conq)lctod, if negative poise at that point in each of the wavefonns results 
conductive l^cr 512 is not transparent to the wavdengfli of from a pQction of the dedron beam (not shown) penetrating 
light, or other signal, to be utilized when mask 500 is in die duominm pads 562 and entering wdl 507 and a lesser 
. intended application (e.g. printing of the wafer), layer 512 so number of botti backscatter and sec<mdaiy dectrons bdng 
mnst be removed. Tb do so, for example, a o^per or produced as compared to tiiecomMnation of the diromium 
aluminum layer may be removed from quartz witii a KOH pad on dw quartz substrate. Thus, using die conq)arison 
sohition of ^oximatdy 034 nonnal; gold can be removed tedinique discussed above, tiiis additional waveform feature 
widiKW,dihitedat300:lwidiwater;andpolymer8canbe can be used to further identify and distinguish masks fliat 
dissolved wiUi typed organic sdventswMdi do not attadc 55 have under-^ait chrome pads extending over a wdL 
die quarto substrate material Similariy, at die top of FH5. 18, a aoss-sedion of mask 

Tb obtaiii the best signd to noise ratio in die secondary 500" is shown having a quartz substrate 504" and on die top 
and liactocattcr dectron waveforms from flic mask of surface dicxc are a pair of quartz pads 570 to provide 
interest, the aieigy levd of dectron beam 100 can be varied additional jiiasc shifting materiaL As before, die expected 
until acceptable results arc obtained. As was observed 6o secondary and backscatter electron waveforms 545" and 
above, die dqpth of teardrop scatter cnvdopc 524 (sec FIG. 546", respectfully, for mask 500" are shown bdow and 
14) in dffomium layer 510 approximates die ttiickncss of aligned witti die cross-sectioned mask to Dlnstrate die cor- 
that chromium layer 510. Also, from a conq)arison of die respondcncc betweenthe various portions of die waveforms 
signd levels of the secondary and backscatter electron and the features of the mask. 

waveforms (see FEG. 15) from a diromium layer versus die 65 The shape of die backsca t ter and secondary dectron 
qnart2Sub5tratedone,itcanbeseendiattheactudvariation waveforms 545" and 546", respectfully, for each of die 
in signd levds widiin die badoscatter dectron waveform is surfaces in dds confignndion of mask 500" 'show severd 
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intcrcstiag distinguishing pulse shapes. OvcraU, as migjit be Additionally, each of llic signal processii^ methods dis- 

expected, there are more backscatter and secondary eleo- cussed in each of the last two references dted, may be u sed 

tions produced in the region of quartz pads 570 than in &e to assign different detection tolerances in the ccmpa^ns 

other regions which are represented by surface 544. This depcntog on the ^'^^ J?^ ^^^^'^J'f.J^ 

basic fXe is the result Jthe additional tMckness of the 5 ?^^^^«>n^°»^J?«f^ 

quartz in those regions. Another feature that is shownin each iBg features tomake apositivedetcmrinationof the structure 

of these«)nday andbacksa^^ waveforms, is that ^^|™^ ^^^^^^ has been described in severalmodes 

&c signa^ level for those re^ons corre^ndmg to smface^ ^ ^ ^ ^^^^^ 

544slowlydecreaseastheregionofea(^ofquaite^^ is collated that peiWd^ 

is approadied from either direction. Smularly, (he inverse lo ^^^g desatotions and 5tU(^g fljc drawings, will 

effectisnotedfortheregionof secondary electronwavefcrm realize various alternative appioaches to the in^lementation 

545" Aat coirespottds to the top of quartz pads 570, namely, present invention. It Is therefore intended that the 

the secondary electron wavef <mn is greatest at those points following appended claims be interprtf ed as inchidtng all 

that correspond to tiie oata edges of quartz pad 570 and alterations and modifications that fall within the true 

slowly decrease, toward the center of those regions in either 15 spifj^ and scope to the present invention and the q)pended 

direction. Backscatter elecdron waveform 546" in the regions clahns. 

fliat. coire^nd to quartz pads 570 devd<^ small peak Ih summary, the present invention relies on making the 
values at the points that correspond to the comers of quartz top surface of the mask to be inspected electrically 
pads 570 and is relatively flat between those small peaks. conductive, and on the analysis of the secondary and back- 
Additionally, secondary electron waveform 545" has no 20 scatter electron wavefonns created by the topology and 
large narrow pulses, as was the case when a well or a diflfcrcncesinattanicwci^of the various structures of flie 
chromium pad was encountered (see FIG. IS). Thus, the » mask , , ^ ^ , , 
comparison technique previously disclosed with respect to One may achieve electrical conduction along the top 
HG. 15, can also distinguish phase shift material from surface of the mask in ways oflier than ooatmg of tiie 
chromimnpadsandwells,whetherornottheyareundcr-cut, 25 finished made as illustrated and discussed d)ove wito^ 
and thus is able to detect the presence or absence of wanted tion to the various figures. Another tcchmque woidd be to 
or unwantcdphase shift material and the size and location of place a conductive, transparent coating, such as to<hum Un 
that material from the resultant shapes in various regions of oxide on the top surftce of the quartz substrate before the 
the secondary and backscatter electron waveforms. patterned dinmiium layer is deposited on the substrate. If 
As discussed previously, the drtection of a defect merely 30 that technique is used, the conductive transparent coating 
requires the comparison of the signals, or waveforms, from between Ae patterned cfaromiumlayer pads would n^ have 
a mask being inspe<ted with the signals from a supposedly to be removed pria to use of the phase shifty mask for the 
identical san^le or the calculated signal values from a data intended purpose since the conductive layer is tran^cnt 
base. This conmarison can have different tolerance levels, Altonatcly, the quartz substrate could be made conductive 
dependmg on whether the portion of the waveforms 35 by ion implantation. An advantage of permanently makmg 
obbined at that instant in time is from a chrome layer, from the quartz substrate conductive is that it facilitates ion bemn 
quartz, wo&ex material or from a wdL Thus, for example, repair of the mask and predudes damage due to static 
die wavcfomis depicted in HG. 15 can be intapreted to electrical disdiarge in normal use. 
identify die stroctare of the mask and tfie characteristics of Ftnther, the inspection technique of fee present invention 
fliesurfooe, by considering various factors of those wave- 40 is not limited to use wifli phase shift masks that perf<Mm a 
forms. Those factors of the waveforms to be considered to phase shift that is determined by the etdied pattmi of the 
makethedesiceddistinctions indudethehdght of the spikes quartz substrate. Ajiiase shift mask was used m the above 
550 and 552, and curvatures such as 548 that correspond to^ discussions of tiiepresait invention for oonvemencesmce it 
and make it possible to identify, trenches 502 and 514. permitted discussion of various maskpattems, illustr^cd the 
That wavtfonn analysis for identifying the different fca- 45 vcrsatili^ of techniques that one would use fa inspection of 
tures of a phase shift mask is similar to the automatic various mask configurations and to con^leteness of the 
analysis ofusedwiA electrocardiograms, whidi has been an inspection based only on the secondary and backsc^ 
area of considctaMe research in the past (See G. C Stock- dcctron waveforms aeatod.in an electron beam m^iection 
inan:"APt<*lem-ReducttonApproachtolingnisticAnaly- environment ^ ^ 
sis of Wavefomis", Ph.D. Dissertation, Univ. of Maryland, 50 The tedmiques of tiie present invention i^vide for fee 
Etoartmcnt of Computcx Science, May 1977). This q?pe of inspection of many different types of optical masks. Vat 
pattan recognition spears in fee literature of syntactic cxanq^le, any fflq?crin9)0sedmatenal, sudi as spin^ 
pattern recognition wife fee parshig of a saniple by features, can also be distinguished from tiie substrate or fee dircmiimn 
sudi as pe^ and valleys, and will jffoduce secondary and backscatter electron wave- 
Thus, when ^lied to phase shift masks, fee bottom of 55 forms feat make it possible to determine fee thickness of fee 
fee wells, or trenches, are distinguishable by a combination spm-on glass laya; Rrrther, att«iuating phase shift masks, 
of waveform features, including fee upward curvature of fee such as feose tiiat indude leaky dnominm, or otiicr attenu- 
secondary and backscatter electron waveforms at one of fee ating material, can also be inspected wife fee techniques of 
lower signal levels and signal spikes in fee secondary feeprcsentinvcaitionasdiscussedabove,Smmlarly,itiseasy 
dectronwaveformonbofe sides of fee trench. The dete<aion 60 to see that fee present invention also provides a mefeod for 
of feat signal curvature corresponding to fee bottom of inspecting optical proumity masks, 
wells, or for any ofeer feature sudi as quartz on quartz (sec What is daimcd is: . . • , 
HG. 18) can be performed by fee mefeod presented in 1. A system to automaticdlymspect an optical mask, saxd 
Chapter 10, "IWo-IWmcnsional Sh^ Representation" by system coir^Hising: 

l^S. Davis, pp 233-245 of HoniflwJto/Parrmi/Jec- 65 fihn coating system to apply a conductive coating to a top 

ogniiton and image PncessUtg, Academic Bress. Inc.. San surface of said optical mask to produce a conductive 

mego. Gdif., 1986. optical mask; 
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a grounding strap to connect said oondnctive coating cf 
said conductive optical mask.to dectdcal gi^oimd; 

a fidd emission dectron source to provide an electron 
beam; 

a charged paitide beam coluxni) to deliver and scan said ^ 
electron beam &om said iidd emission electron source 
on a top suiface of said conductive coating; 

a backscatter dectron detector to detect backscattered 
dectnms from said conductive optical mask to generate 
a badEscatter election waveform as said dectron beam 
scans said conductive opticd mask; 

a secondaiy dectron detectcH* to detect secondary dec- 
troDS from said conductive optical mask to generate a 
secondary dectron wavefonn as said electron beam 15 
scans said conductive coating; and 

a processor to examine said backscatter dectron wave- 
foim and said secondaiy dectron waveform to det^- 
mine oonstraction features of said conductive optical 
mask: 30 

2. Asystem to automaticialty inspect an optical mask as in 
daim 1 wherein said optical noask is a phase shift mask. 

3. A system to automatically inspect an optical mask as in 
daim 1 wherdn said film coaling system is a sputtering 
systan. 25 

4. A system to automatically inspect an optical mask as in 
daim 1 further conquising a memoiy connected to each of 
said backscatter dectron detector and said secondaiy dec- 
tron detector to store said badcscatter dectron wavefcimand 
said secondaiy dectron wavefocm from said conductive 30 
opticd mask 



30 

5. Amethod for automatically injecting an Optical mask» 
said method comprising die stq»s of: 

a. Implying a conductive coating to a top suiface of said 
optical mask to produce a conductive optical mask; 

b. dectxically grounding said conductive coating; 

c scanning an electron beam on a top suiface of said 
conductive coating of stqp b.; 

d detecting backscattered dectrons from said conductive 
coating of step c. to form a backscatter dectron wave- 
form; 

e. detecting secondaiy dectrons from said conductive 
coathig of stq> a to form a secondaiy election wave- 
fana; 

t examining said backscatter dectron wavefonn and said 
secondaiy dectron wavefonn from steps d, and c; and 

g. determining construction features of said conductive 
optical mask in response to step f . 

6. A method for automatically in^>ecting an optical mask 
as in daim 5 wherein said optical mask is aphase shift mask 

7. A method for automatically inspecting an opticd mask 
as in daim 5 wherein step a fiirtfacr indudes the stqp of: 

h. sputtering said coating onto said opticd mask 

8. A method for automatically inspecting an opticd mask 
as in daim 5 further indnding the step of. 

L stmngeachof said badcscatter dectron waveform from 
step d. and said secondaiy dectron waveform from step 
e. 

« 4c # « * 
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Full name of second joint Inventor (given name, family name) 
Alan D. Brodie 



Inventor's signature 
Residence 



Date 



998 Van Auken Circle 
Palo Alto, CA 94303 

Post Office Address 



Citizenship 



Full name of third joint inventor (given name, family name) 
Zhong-Wel Chen 



lnventor*qsignati 



Date 



Residence 1561 Blaney Avenue 



Citizenship 



Post Office Address 



fxl Additional joint inventors are named on separately numbered sheets attached hereto. 
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Please type a phis sign (>) Inside this box " 



PtQ/SaD2A (3^ 
Approved tor use through 9/30/98. 01^8 0651-0032 



DECLARATION 


ADDITIONAL INVENtOR(S) 1 
Supplen^enta^l ^lieet 


Name of Additional Joint Inventor, if any: 


Q A petition has been filed for this unsigned inventor 


Gh/en Name (first and middle fif any]) 


Family Name or Surname ■ 


Jack 1 


r. 


Jau 


Inventor's 
Signature 


)^^^ ^i^^^ 






Residence: City 


l^oa Altos frfTlff 


state 








Citizenship 




Post Office Address 


11020 Magdalena Road 






Post Office Address 




City 


Los Altos Hills 


State 


CA 


ZIP 


94024 


Country 


U.S.A. 


Name of Additional Joint Inventor, if any: 


1 □ A petitic 


)n has been filed for this unsigned inventor 


Given Name (first and middle P anyl) 


. Famfly Name or Surname 


Paul 




Sandland 


inventor's 
Signature 








Residence: City 




State! 








CMienshiD 




Post omce Address 








Post Office Address 




City 




State 




ZIP 




Country | 


Name of Additional Joint Inventor, if any: ] 


□ A petition has been fU6< 


j for this unsigned Inventor 


Gmn Name (first and nriiddle & any]) 


Family Name or Suimune 


Richard 




Slmnoiis 


signature' 








Residence: City 




1 State 








Citizenship 




Post Office Address 








Post Office Address 




City 




State 1 




1 ZIP 





I 



Patents. Washington. OC 20231. 



I CGMPIXTEO FORMS TO THIS ADDRESS. SEND Ta Assistant Cornmissimrarlor 



Please type a plus sign M inside this box - 



FXQ/SBmA (3-97) . 
Approved tor use through 9/30/98, 0MB 0651-0032 I 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



DECLARATION 



ADDITIONAL iNVENTOR(S) 
Sup^len^enUl^heet 



Name of Additional Joint Inventor, if any: 



Q A petition has t^een filed for this unsigned inventor 



Given Name (first and middle pf anyl) 



Family Name or Surname 



Jack Y. 



Jau 



Inventor't 
Signature 



Date 



Residence; City 



Los Altos Hills 



state 



CA 



Country! 



Citizenship 



Post OfHce Address 



11020 Hagdalena Road 



Post Omce Address 



City 



1 State 






94024 


Country 



U.S.A. 



Name of Additional Joint I nventor, if any: 
(alven Name (first and middle pf any}) 



□ A petition has been filed for this unsigned inventor 



Family Name or Surname 



Paul 




Sandland 



Inventor's 
Signature 



Date 



Residence; City 



State 



Country 



Citizenship 



Post Office Address 



Post Office Address 



City 



State 



ap 



Country 



Name of Additional Joint Inventor, if any: 
Given Name (first and middle [if any)) 



□ A petition has been filed for this unstgried Inventor 



Farhily Name or Surname 



Richard 



Slttmons 



Inventor's 
Signature 



Date 



Residence; City 



State 



I Country I 



Citizenship 



Post Office Address 



Post Office Address 



City 



State 




ZIP 1 


Country 



+ 



commMtfc «n tha 'fif»Mm> »y wtvo v.H lo compieie. I inw wui vary oepenamg upon the needs of the widhndual case. Anv 



Patents. Washington; DC 20231 



Please typo a plus sign {♦) Inside this box [ | 



PTCVSa/02A (3^ 
Approved for use through 9/3Q/9a 0MB 0651-0032 



DECLARATION 



ADDITIONAL INVENTOB(S) 
Supplemental Sheet 
Page-^ pf 2^ 



Name of Additional Joint Inventor, if any: 



Q A petition has been filed for this tmsigned. inventor 



Gh^en Name (first and middle frf any]) 



Family Name or Surname 



Jack 



Jau 



SIgnaiufe • 



Retldence: City 



Los Altos Hills 



state 



CA 



Couimvl 



^•S.A. 



Date 



Cttlxenehip 



Post Offlca Addreta 



11020 Magdalena Road 



Peat omce Addreaa 



City 



1 state 




ZIP 


94024 


Country 



U.S.A. 



Name of Additional Joint Inventor, if any: 



□ A petition has been filed for t»^ unsigned inventor 



G^en Name (first and middle p anyl) 



Famfly Name or Surname 



Paul 



Sandland 



Invamor's 
Signature 



Data 



Baaidanca; CItv 



Slate 



Country 



CItlrenahip 



Post omce Address 



Post Office Addreaa 



City 



State 



ZIP 



Country 



Namje of Additional Joint Inventor, if any: 



Q A petition has been filed for this unsigned inventor 



Given Name (first and middle pf any}) 



Famgy Mame or Surname 



Richard 



Simmons 



Inventor'e 
Signature 



Raaidance: City 



Los kli^ias 



Stata 



CA 



I Country 



Cltlzenahlp 



OS 



Post Orrics Address 



Post onic* Addraa* 



City 



Los kU«s 



1 ^tate 




ZIP 




Country 



I 



1. 



Please type a phis sign (♦) inside this box ->j j 

UnderthePaperworkReduclionActof1995.no 



PT0/SBA)2A (3^ , 
Approved (or use through 9/30/98. 0MI9 0651-0032 J 

persons are required to respond to a ootteclion of intoimatlonunle^ ■ 



DECLARATION 


ADOmONAL iNVENTOR(S) 
Supplemental Slieet 

Page2-.cff jj. 


Name of Additional Joint Inventor, If any: 


J Q A petition has been filed for tfiis unsigned inventor 


Givm Narne (first arid nriiddle Of ariyO 


FamDy Nanie or Surname 


Dave E 




Smith 


Inventor's 
. Signature 










Realdence: City 




state 










asA- 


Office Address 








. Post Office Address 




Ctty 




State! 


cA 






Country 




Name of Additional Joint Inventor, If any: 


J □ A petition has been fOe 


d for this 


unsigned Invefitor 


Given Name (first and rniddle pf anyD 




Hans 


Dohse 


Inventor's 
Signature 








Residence: Cltv 




State 


CA 1 




1 lA^SA. 






Post Office Address 










Post Office Address 




City. 




State 


1 CA 


u 




Countiy {A-\/A- 


Name of Additional Joint Inventor, if any: 


□ A petition has been filed for this unsigned inventor 


Given liame (first and rriddle frf any]) 


. Famfly Name or Surname 


Dennis G. 


Emge 


lnventor*e 
Signature 




Date 




Residence: aty 














X 


Post Office Address 








Post Office Address 


. il — . 


City 


This form is estimated to takA o 


»tate 

A h/Mire 




ZIP 


C^SXll Cowrtiy j . 



wnwnonis on tne amount of timo wou nm fMtitiffarf *M ^z.^T"^'^ — :* 'TLT ^Hww-«iv MjAj" WW iKivu» \n U10 imnviouai case. Any 

Office. Vi^^t^oclm^r^oS^^M^^'^T^^y^^ ^ Inlormatioo Officer. Patent and Trademi? 

Patents. WaSwSgLjOC^i. «"^"^t> ^RMS TO THIS ADDRESS. SEND TO: Assistant CommissioAef lor 



Please type a plus sign {*) Inside this box 



PT0/SB/D2A (3-97) 
Approved (or use through 9/3Q/98. 0MB 0651-0032 
Patent and Trademaik OfTtce; U.S. DEPARUtENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to acoUecfon of information unless it contains a 
vaOd 0MB control number. 



□ 



DECLARATION 



ADDITIONAL INVErfrOR(S) 
Supplemental Sheet 

Page 3 of 4 



Name of Additional Joint Inventor, if any: 



n A petition has been filed for this unsigned inventor 



Given Name (first and middie P anyl) 



Family Name or Surname 



John 



Greene 



signature 



Date 



Reaidence: City 



State 



Country 



Citizenship 



Post Office Address 



Post Office Address 



City 



State 




ZIP 




Country 



Name of Additional Joint Inventor, if any: 



Q A petition has been filed for this unsigned inventor 



Gh^en Name (first and middie pf any]) 



Family Name or Surname 



Lee 




Veneklasen 



Inventor's 
Signature 



* Date 



Residence; City 



Stat* 



Country 



us A 

Citizenship 



Post Office Address 



Post Office Addreee 



City 



State 



Country 



Name of Additional Joint Inventor, if any: 



pi A petition has been filed for this unsigned inventor 



Given Name (first and middla pf any]) 



Fanruly Name, or Surname 



Ming-Yle 



Ling 



Inventor's 
Signature 




Date 




Residence: City. 


Saratoga 


State 


CA 


Country 


U.S.A. 


Citizenship 


U.S.A. 


Post Office Address 


19584 Via Honte Drive 



Post Office Address 



City 



Saratoga 



state 


CA 


ZIP 


95070 


Country 



U.S.A. 



Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time wid vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Cl^ef Information Officer. Patent and Trademaitc 
Office. WasMngton. DC 20231. DO NOt SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND ta Assistant Commissioner for 
Patents. Washington. DC 20231. 



type a plus sign (•>>) inside this box 



□ 



PTQ/SB/02A (3-97) 
Approved tor use through 9/3<V98. OMa0651<0032 
Patent and Tradeniaik Office: U.a DEPARTMENT OF COMMERCE 



Under the Papenworic Reduction Act of 1995, no persons are required to respond to a ooliecti^n of infonnation unless it contansa 
valid OMB control numt>er. 













DECLARATION 


ADDITIONAL INVENTOR(S) 
Supplemental Sheet 













Name of Additional Joint Inventor, if any: 



f~| A petitibn has been filed for this tmslgned inventor 



Ghffln Name (fiist and mktdle pf anyp 



Famay Name or Surname 



John 



Greene 



Inventor's 
Signature 



Residence; City 



Post Office Address 



/ID /my 



7 



State 



Country 



yais 



CItlienshIp 



Post Office Address 



City 



State 



ZIP 



Country 



Name Of Additional Joint Inventor, if any: 



in A petition has t>een filed for this unsigned inventor 



Gwen Name (first and middle fif any|) 



FanMty Name or Surname 



Lee 



Veneklasen 



Inventor's 
Signature 



Date 



Residence: City 



State 



Country 



Cltfatensliip 



Post Office Address 



Post Office Address 



City 



State 



Name of Additional Joint Inventor, If any: 



BP 



Country 



Q A petition has t)een filed for this unsigned inventor 



Given Name (first and middle pf ariyD 



Family Name or Sutname 



Ming-Yic 



Ling 



Inventor's 
Signature 



-rf- 



Data 



Residence: City 



Sarato'^ 



State 



CA 



I Country | 



U.S.A. 



Citizenship 



U.S.A. 



Post Office Address 



19584 Via Monte Drive 



Post Office Address 



City 



Saratoga 



state 


CA 


ZIP 


95070 


Country | 



D.S.A. 



tZ^^tT^i^^ZZ^ Ii^ esumaioo ro i^Ka «.« nours.io comptele. rone will vaiy depending upon the needs of ttie individual case. Any 
cS^^JS^J^^l^-T^nX^^I^^fJ^^ ^ ^ to the Chirt IfSMmation Officer. PatemlSd TradeimS 

^& ^Sftlwloai. ^ ^ COMPUTED FORMS TO THIS ADDRESS. SEND TO: As^i OxnmiUner tar 



+ 



PTO/SB/02A (3-97) 

□ A^«»««^ fnr use throuah 9/30/98. 0MB 0651-0032 
Patent ar^Tr^enwrtC^ y„toss ttcortahs a 

Under the Paperwoilc Reduction Act of 1995. no peisons are required to respond to a couecwm »i 

vaOd 0MB control number. '" i 



DECLARATION 



ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Pago-Z-Of 2L. 



Name of Additiohal Joint Inventor, If any: 



Given Name (first and middle | 




Surendra 6. 



Inventor's 
Signature 



Cupertino 



Post Office Address 



21763 tetguaix Court 



Post Office Address 



aty 



Cupertino 



Name of Additional Joint Inventor, if any; 



Given Name (first and middle [ti any]) 



Klrkvood 



Inventor's 
Slgr>ature 



Residence; City 
Post Offlce Address 



City 



Name of Additional Joint Inventor, if any: 



Given Name (first and middle frf any]) 



Inventor's 

Signature 



Residence: City 



Post Office Address 



Post Office Address 



City 



+ 



Buirfen Hour Statement TWs lonn is estimated to take 0.4 hours to complete: Time will vaty d^ndm^ Tntollnation Officer. Patent and Trademaik 
commente on the amount of time you are required to complete this lonn should be secittotlw^^ Assistant Commissioner for 

Office. Washington. DC 20231. DO NOT SEHO FEES OR COMPLETED FORMS TO THIS ADDRESS, stwu *^ 
Patents, Washington. DC 20231. 



type a phis sign M insido this box 



□ . ^ ^ PTCySBrt)2A (3-97) 

Approved tor use througti 8/30/98. 0MB 0651-0032 
Urxiof the Papeiwrtc Reduction Act of 199S no Mi«o«,e Trademaik Office; U.S. DEPARTMENT OF COMMERCE 

vaW 0MB wnM numi^ ~ ^ 



DECLARATION 



ADDITIONAL INVENTOR(S) 
Supplemental ^heel 



Name of Addition al Joint Inventor, if any: 
^ 9^^en Name (first and mjddle pf any]) 



□ A petition has beon filed for this unsigned Inventor 



Famgy Name or Surname 



SurcQdra 6. 



Lele 



Inventor'a 
Signature 



Retldence; City 



Cupertinc 



I State 



GA 



U.S.A. 



U.S.A. 



Po«t Offlca Addfex 



21763 Ragnart Court 



Pott Office Addrase 



aty 



Cupertino 



Name of Additional Joint Inventor, If any: 



I state 


CA 


ap 


95014 


Country! 



U.S.A. 

Q A petition has been filed for this unsigned inventor 



Given Name (first and middle pf any]) 




Name of Additional Joint Inventor, if any: 



Given Name (first and middte Of anvD 



Q A petition has been filed for this unsigned Inventor 



Inventor'e 
Signature 




Otjr 

Poet Office Address 



Family Name or Sumaihe 




+ 



Burten Hoot Sl atewem. " " ■ | | I | Countiy 

fSST'SJ'5?^*»?« «* ^ r<« S2fJ^,SJd^^L!SS2 Sif^ depenjng upon tha needs of the HKSvUual case. Any 



exhibitH 



date Mailed: September 17 2QQ4 I Attv/Sec! LAM.Im 
Application N o.: 10/801.362 



FHinQ Date: March 15. 2004 
Docket No.: 2 2120-08965 



Applicants: Dan Meisburoer. et al. 



Title: Inspecting Qpticai Masks with El ectron Beam Microscopy 



Please imprint Patent Office "date stamp" hereon to indicate receipt and return ^ adtoss^ 



□ pages of Specification, Claims & 

Abstract 

□ Provisional Application Cover Sheet 

S Copy of New Utility Application Transmittal 
filed March 15. 2004 

El Transmittal 

ISI Fee Transmittal (in duplicate) 

H Copy of Declaration from 09/502,534 

□ Assignment & Recordation Cover Sheet 

□ Power of Attorney 

□ RCE Transmittal 

^ Check in the amount of $' 130.00 

S Copy of Preliminary Amendment filed March 

15. 2004 

Other ^ — 



El Copy of U.S. Patent No. 5.717.204 issued 
Febmary 10, 1998 

S Response to Notice Of Missing Parts 
H Request for Corrected Filing Receipt 
IS Copy of Filing Receipt 
IS Copy of Notice to File Missing Parts of 
Reissue Application 

□ IDS. PTO/SB/08A. and cited ref erences 

□ Issue Fee Transmittal 

□ Letter to Chief Draflspen 

□ Formal Drawings: 

□ Notice of Appeal 

□ Express Mail No. 



3 
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